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METHOD AND APPARATUS FOR FORMING
A THIN SEMICONDUCTOR FILM, METHOD
AND APPARATUS FOR PRODUCING A
SEMICONDUCTOR DEVICE, AND
ELECTRO-OPTICAL APPARATUS

RELATED APPLICATION DATA

The present application claims priority to Japanese Appli-
cation(s) No(s). P2001-036441 filed Feb. 14, 2001, which

application(s) 1s/are incorporated herein by reference to the
extent permitted by law.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a method and apparatus
for forming a thin semiconductor film such as a polycrys-
talline silicon film on a substrate, a method and apparatus for
producing a semiconductor device having such a thin semi-
conductor film formed on a substrate, and an electro-optical
device.

2. Description of the Related Art

Conventionally, vapor phase deposition such as plasma-
enhanced chemical vapor deposition (CVD), reduced-pres-
sure CVD, and catalytic CVD, solid phase growth, liquid
phase growth, and excimer laser annealing are used to
deposit a polycrystalline silicon film for forming drain and
channel regions of a MOSFET (Metal Oxide Semiconductor
Field Effect Transistor) such as a MOSTFT (Metal Oxide
Semiconductor Thin Film Transistor).

As disclosed 1n, for example, Japanese Unexamined
Patent Application Publication No. 7-131030, Japanese
Unexamined Patent Application Publication No. 9-116156,
and Japanese Examined Patent Application Publication No.
7-118441, the carrier mobility of an amorphous or microc-
rystalline silicon film formed by means of plasma-enhanced
CVD or reduced-pressure CVD process can be improved by
converting the film ito a polycrystalline form by perform-
ing high-temperature annealing or excimer laser annealing
(ELA). The highest carrier mobility achieved by this tech-
nique is about 80 to 120 cm?/V-sec.

Because the MOSTEFT produced using the polycrystalline
silicon film formed by performing ELLA on an amorphous
s1licon film deposited by means of plasma CVD has a rather
high electron mobility such as 100 cm®/V-sec, and the
MOSTFT can be formed so as to be adapted to high-
precision applications. An LCD (Liquid Crystal Display)
using MOSTFTs formed of polycrystalline silicon and hav-
ing a driver circuit integrated on the LCD has attracted
considerable attention (Japanese Unexamined Patent Appli-
cation Publication No. 6-242433). In the excimer laser
annealing technique, a film 1n a precursor form 1s 1rradiated
with a short-wavelength short-pulse laser beam such as
XeCl excimer laser thereby melting and recrystallizing the
film 1n a short time. In this technique, 1llumination of the
amorphous silicon film with the laser beam allows conver-
sion 1mto a polycrystalline form without causing a glass
substrate to be damaged. Another advantage of this tech-
nique 1s high throughput.

However, 1if a MOSTFT 1s produced using this ELA
technique, recrystallization occurs as rapidly as on the order
of nsec durlng the excimer laser annealing process, and thus
the gram size of the polycrystalhne silicon film formed by
the excimer laser anneahng process 1s at most about 100 nm.
Even 11 the substrate 1s heated to about 400° C. during the
irradiation with a short-wavelength short-pulse laser beam to
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remove hydrogen and oxygen that can inhibit crystal growth
and 1f the solidification speed 1s controlled, 1t 1s diflicult to
obtain a grain size greater than 500 nm. One known tech-
nique to avoid the above problem 1s to perform laser
irradiation repeatedly, for example, 5 times or 30 times, so
as to apply large enough energy to obtain a polycrystalline
silicon film having a large grain size. However, this tech-
nique has other various problems such as instability 1n the
output power of the excimer laser, low productivity, and an
increase 1n cost and reduction 1n yield/quality that occur
when a large-sized apparatus i1s used. In particular, for a
substrate with a large size such as 1 mx1 m, the problems
described above become very serious, and it becomes very
difficult to achieve high performance/quality at low cost.

In a technique of forming a crystalline silicon film,
recently disclosed in for example Japanese Unexamined
Patent Application Publication No. 11-97353, an amorphous
silicon film 1s heated at 450° C. to 600° C. for 4 to 12 hours
so as to diffuse an element serving as a catalytic element
(such as N1, Fe, or Co) thereby enhancing crystallization of
the amorphous silicon film. However, the problem of this
technique 1s that the catalytic element remains in the formed
crystalline silicon film. To avoid the above problem, Japa-
nese Unexamined Patent Application Publication No.
8-339960 discloses a technique of removing (gettering) the
catalytic element by one of the following methods: perform-
ing a heating process in an ambient containing a halogen
such as chlorine; performing a heating process after selec-
tively incorporating phosphorus into a crystalline silicon
f1lm; and 1lluminating a crystalline silicon film containing a
catalytic element with a laser beam or a high-intensity light
ray so as to bring the catalytic element into a state in which
the catalytic element can easily difluse, and then gettering
the catalytic element by a selectively added element. How-
ever, these methods are complicated, gettering eflects are not
sufficient, the characteristics of the silicon semiconductor
film are degraded, and the stability and reliability of a
produced device are degraded.

On the other hand, in the method of producing a poly-
crystalline silicon MOSTFT by means of solid phase
growth, annealing at a temperature higher than 600° C. for
10 hours or longer and formation of a gate oxide S10, by
means of thermal oxidation at a high temperature of about
1000° C. are required. To perform these processing steps, it
1s needed to use a semiconductor production apparatus. This
limits the substrate size to 8 to 12 inches 1n diameter.
Besides, 1t 1s required to use expensive quartz glass to ensure
that the substrate can resist high temperatures. This makes 1t
dificult to reduce the cost, and thus applications are limited
to EVF, data/AV projector, or the like.

In recent years, a catalytic CVD technique has been
developed, which 1s one of thermal CVD techniques and 1s
capable of depositing polycrystalline silicon film, silicon
nitride, or the like on an msulating substrate such as a glass
substrate at a low temperature (Japanese Examined Patent
Application Publication No. 63-40314, Japanese Examined
Patent Application Publication No. 8-250438). This tech-
nique 1s now being improved to put it to practical use. In the
catalytic CVD technique, although a carrier mobility of
about 30 cm®/V-sec can be obtained without performing
annealing for crystallization, the carrier mobaility 1s still not
high enough to produce a high-performance MOSTEFT. In
the case where a polycrystalline silicon film 1s formed on a
glass substrate, an iversion layer (with a thickness of 5 to
10 nm) 1s formed 1n the amorphous silicon, depending on the
deposition conditions. This makes i1t diflicult to obtain a
carrier mobaility that 1s high enough to produce a bottom-gate




US 7,098,085 B2

3

type MOSTFT. In the LCD using the polycrystalline silicon
MOSTFTs and including the integrated driver circuit, the
bottom-gate type MOSTFT results 1n a better production
yield and productivity. However, the problem described
above results 1 a bottleneck.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a method
of easily forming a high-quality high-crystallimity polycrys-
talline or monocrystalline thin semiconductor film over a
large area at low cost. It 1s another object of the present
invention to provide an apparatus for producing such a film
according to the above method.

It 1s st1ll another object of the present invention to provide
a method of produce a semiconductor device such as a
MOSTFT including such a polycrystalline or monocrystal-
line thin semiconductor film. It 1s still another object of the
present invention to provide an apparatus for producing such
a semiconductor device.

According to an aspect of the present invention, there 1s
provided a method of producing a thin semiconductor film
and a semiconductor device including a thin semiconductor
film, 1 which a polycrystalline or monocrystalline thin
semiconductor film 1s formed on a substrate or a semicon-
ductor device including a polycrystalline or monocrystalline
thin semiconductor film disposed on a substrate 1s produced
by a process comprising a first step of forming a low-crystal-
quality thin semiconductor film on the substrate; and a
second step of performing focused-light annealing on the
low-crystal-quality thin semiconductor film so as to melt or
semi-melt the low-crystal-quality thin semiconductor film or
heat the low-crystal-quality thin semiconductor film while
maintaining 1t in a non-melted state and then cool the
low-crystal-quality thin semiconductor film thereby enhanc-
ing crystallization of the low-crystal-quality thin semicon-
ductor film.

According to another aspect of the present invention,
there 1s provided an apparatus for producing a thin semi-
conductor film or a semiconductor device including a thin
semiconductor {ilm, wherein the apparatus comprises first
means for forming a low-crystal-quality thin semiconductor
film on the substrate; and second means for performing
focused-light annealing on the low-crystal-quality thin semi-
conductor film so as to melt or semi-melt the low-crystal-
quality thin semiconductor film or heat the low-crystal-
quality thin semiconductor film while maintaining 1t 1n a
non-melted state and then cool the low-crystal-quality thin
semiconductor film thereby enhancing crystallization of the
low-crystal-quality thin semiconductor film.

According to another aspect of the present invention,
there 1s provided an electro-optical device including a cath-
ode or an anode disposed under organic or 1norganic elec-
troluminescent layers of respective colors and connected to
a drain or a source of a thin-film 1nsulated-gate field effect
transistor formed of the polycrystalline or monocrystalline
thin semiconductor film, wherein active elements including
the thin-film insulated-gate field eflect transistor and a diode
are covered with the cathode, or the surfaces of the organic
or inorganic electroluminescence layers of respective colors
and all areas between the organic or morganic electrolumi-
nescence layers are covered with the cathode or the anode.

According to another aspect of the present invention,
there 1s provided an electro-optical device wherein an emit-
ter of a field emission display device 1s connected to a drain
of a thin-film insulated-gate field eflect transistor formed of
the polycrystalline or monocrystalline thin semiconductor
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film via the polycrystalline or monocrystalline thin semi-
conductor film, and wherein the emitter of the field emission
display device 1s formed of an n-type polycrystalline semi-
conductor film or an n-type polycrystalline diamond film

formed on the polycrystalline or monocrystalline thin semi-
conductor film.

The present invention provides great advantages (1) to
(10) described below, which result from the feature of the
invention that a monocrystalline or polycrystalline thin
semiconductor 1s produced from a low-crystal-quality thin
semiconductor film formed on a substrate by performing a
focused-light annealing process on the low-crystal-quality
thin semiconductor film thereby melting or semi-melting the
low-crystal-quality thin semiconductor film or heating the
low-crystal-quality thin semiconductor film while maintain-
ing it 1n a non-melted state and then cooling the low-crystal-
quality thin semiconductor film thereby enhancing crystal-
lization of the low-crystal-quality thin semiconductor film.

(1) In the focused-light annealing, light emitted from a
lamp such as an ultra-high-pressure mercury lamp 1s focused
into a desired form, and the low-crystal-quality thin semi-
conductor film such as an amorphous silicon film 1s 1llumi-
nated with the focused light so as to heat the low-crystal-
quality thin semiconductor film into a melted or semi-melted
state or heat 1t while maintaining it 1n a non-melted state and
then cool it thereby crystallizing 1t. That 1s, 1n this process,
high 1llumination energy applied to the low-crystal-quality
thin semiconductor film causes the low-crystal-quality thin
semiconductor film to be heated into a melted or semi-
melted state or heated while maintaining non-melted state,
and then the low-crystal-quality thin semiconductor film 1s
cooled thereby obtaining a monocrystalline semiconductor
f1lm or a large-grain polycrystalline semiconductor film such
as a monocrystalline or polycrystalline silicon film, having
a high carrier mobility and high quality. This technique
allows a great improvement in productivity and a great
reduction in cost.

(2) In the focused-light annealing according to the present
invention, because the zone melting recrystallization 1s
performed while continuously moving the melted zone, a
catalytic element such as N1 preincorporated to enhance the
crystallization and other impurities are segregated into the
melted zone and thus such a catalytic element or impurities
can be easily removed. Thus, no impurities remain 1n the
resultant annealed film. This makes it possible to easily
obtain a polycrystalline thin semiconductor film having
large grains, a high carrier mobaility, and high quality (high
purity). In particular, 1f multiple zone melting recrystalliza-
tion 1s performed by sequentially performing melting and
cooling repeatedly using a plurality of focused light rays
emitted from a plurality of lamps, 1t 1s possible to obtain a
polycrystalline thin semiconductor film having further
greater grains and higher quality (higher purity). The high
purity obtained by this techmique makes 1t possible to
produce a device with high stability and high reliability
without degrading characteristics of the semiconductor. Fur-
thermore, 1n the focused-light annealing technique, the zone
melting recrystallization or multiple zone melting recrystal-
lization 1s performed via a simple process thereby allowing
ellicient removal of a catalytic element that has finished 1ts
role 1n enhancing crystallization and also allowing eflicient
removal of other impurities. This simplicity of the process
allows a reduction 1n cost.

(3) The crystal grains 1n the polycrystalline silicon film
are aligned in a direction 1 which the focused light is
scanned. Therefore, if TFTs are formed in this direction,



US 7,098,085 B2

S

mismatching and stress at crystal grain boundaries are
mimmized, and thus the resultant polycrystalline thin silicon
film has a high mobaility.

(4) If another low-crystal-quality silicon film 1s formed on
a polycrystalline silicon film crystallized by means of zone
melting recrystallization or multiple zone melting recrystal-
lization using the focused-light annealing technique, and 1f
crystallization 1s performed again using the focused-light
annealing process, then a polycrystalline silicon film having
large grains, a high carrier mobility, and high crystal quality
can be formed to a greater thickness. By performing this
process repeatedly, a multilayer film with a large total
thickness such as on the order of a few microns can be
obtained. This makes it possible to produce not only a
MOSLSI but also other types of devices such as a bipolar
LSI, a CMOS sensor, a CCD area/linear sensors, and a solar
cell, having high performance and high quality.

(5) Regardless of whether a UV lamp or an infrared lamp
1s used, light emitted from the lamp can be easily focused
into the form of a line, a rectangle, or a square, and the
focused light can be continuously applied. Furthermore, the
beam size and the scanning pitch can be arbitrarily set. The
high light intensity leads to increases in melting efliciency
and throughput, and thus a reduction 1n cost can be achieved.

(6) The lamp used 1n the focused-light annealing appara-
tus can be easily controlled in terms of the wavelength, the
light intensity, and the illumination time. Furthermore, the
heating/melting rate and the cooling rate can be controlled
by controlling the speed at which a substrate or the lamp 1s
moved. By controlling those parameters, 1t 1s possible to
form a polycrystalline silicon film having a desired grain
size and desired purity.

(7) The lamp used 1n the focused-light annealing appara-
tus 1s much more 1nexpensive than an excimer laser gen-
erator used 1n an excimer laser annealing apparatus, and thus
a great cost reduction can be achieved.

(8) In the focused-light annealing process, in particular 1n
the annealing process using an ultra-high-pressure mercury
lamp, light with the same wavelength as that of a XeCl
excimer laser (with a wavelength of 308 nm) can be con-
tinuously applied with a small vanation in i1llumination
energy across the entire film surface, and thus a resultant
crystallized semiconductor film has uniform characteristics
and produced TFTs have small vaniations 1n characteristics
from device to device. Thus, high throughput and high
productivity are achieved, which result 1n a reduction in
Cost.

(9) The focused-light annealing process can be used at a
low substrate temperature (200 to 400° C.). This makes 1t
possible to employ glass having a low strain point or a
heat-resistant resin as a substrate material, which allows
production of a large-sized substrate at low cost. Thus,
reductions 1n weight and cost can be achieved.

(10) Not only a top-gate type but also other types of TFTs
such as a bottom-gate type and dual-gate type MOSTEFTs can
be produced using a monocrystalline or polycrystalline
semiconductor film with a high carrier mobility formed by
the focused-light annealing technique. Thus, 1t becomes
possible to produce a high-speed high-current semiconduc-
tor device, an electro-optical device, and a high-efliciency
solar cell, using the high-performance semiconductor film.
Specific examples of devices that can be produced by this
technique 1nclude a silicon semiconductor device, a silicon
semiconductor mtegrated circuit, a silicon-germanium semi-
conductor device, a silicon-germanium semiconductor inte-
grated circuit, a silicon carbide semiconductor device, a
silicon carbide semiconductor integrated device, a com-
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pound semiconductor (such as GaAs) device, a compound
semiconductor (such as GaAs) integrated circuit, a poly-
crystalline diamond semiconductor device, a polycrystalline
diamond semiconductor integrated circuit, a liquid crystal
display, an (inorganic/organic) electroluminescence display,
a field emission display (FED), a light emitting polymer
display, a light emitting diode display, a photosensor, a CCD
area/liner sensor, a CMOS sensor, and a solar cell.

In the present invention, the term “low-crystal-quality
thin semiconductor film” 1s used to describe a semiconduc-
tor film that has a substantially amorphous structure and that
may include a microcrystal (with a grain size smaller than 10
nm), and the term “polycrystalline thin semiconductor film”
1s used to describe a semiconductor film that has a substan-
tially polycrystalline structure including large-size grains
(usually greater than 100 nm) that may be obtained by
removing an amorphous component wherein the structure
may include a microcrystal. The term “monocrystalline
semiconductor film™ 1s used to describe a wide variety of
monocrystalline semiconductor films. Examples include a
monocrystalline semiconductor of simple substance such as
monocrystalline silicon, monocrystalline compound semi-
conductor (such as monocrystalline gallium arsenide), and
monocrystalline silicon-germanium. Herein, a crystal
including a subboundary or a dislocation 1s also regarded as
a “monocrystal”. The “polycrystalline diamond film™ refers
to a diamond {ilm that contains substantially no amorphous
component but contains a polycrystalline diamond compo-
nent and a microcrystalline diamond component.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1L are diagrams illustrating processing steps
of producing a MOSTFT according to a first embodiment of
the present mnvention;

FIG. 2 1s a cross-sectional view of a catalytic CVD
apparatus used 1n the production, wherein the apparatus 1s 1n
a certain state;

FIG. 3 1s a cross-sectional view of the catalytic CVD
apparatus used 1n the production, wherein the apparatus 1s 1n
another state;

FIG. 4A 1s a diagram 1llustrating a focused-light annealing
apparatus,

FIG. 4B 1s a diagram illustrating another type of focused-
light annealing apparatus,

FIG. 4C 1s a diagram 1illustrating still another type of
focused-light annealing apparatus, and

FIG. 4D 1s a diagram 1illustrating still another type of
focused-light annealing apparatus;

FIG. § 1s a diagram illustrating a cluster-type apparatus
for producing a MOSTFT;

FIGS. 6A and 6B are diagrams illustrating inline-type
apparatuses for producing a MOSTFT;

FIG. 7 1s a diagram 1illustrating another cluster-type appa-
ratus for producing a MOSTFT;

FIG. 8 1s a diagram 1illustrating a focused-light annealing
Process;

FIGS. 9A to 9D are diagrams illustrating examples of
focused-light annealing apparatuses;

FIGS. 10A to 10L are cross-sectional views illustrating
processing steps of producing an LCD according to a second
embodiment of the present invention;

FIG. 11 15 a perspective view 1llustrating a general struc-
ture of an LCD;

FIG. 12 1s an equivalent circuit of the LCD;
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FIGS. 13A to 13G are cross-sectional views 1llustrating
processing steps ol producing an LCD according to an
embodiment of the present invention;

FIGS. 14A to 14C are cross-sectional views illustrating,
various types of MOSTFTs used 1n an LCD;

FIGS. 15A to 15C are cross-sectional views 1llustrating
anther example of a sequence of processing steps ol pro-
ducing an LCD;

FIGS. 16 A and 16B are diagrams 1llustrating a process of
graphoepitaxial growth;

FIGS. 17A to 17F are cross-sectional views 1llustrating
stepped recesses having various forms;

FIGS. 18A to 18C are diagrams illustrating another
example of a sequence of processing steps of producing an
LCD:;

FIG. 19A 1s an equivalent circuit of a main part of an
organic EL display according to a third embodiment of the
present mvention,

FIG. 19B 1s a cross-sectional view illustrating the main
part, and

FI1G. 19C 1s a cross-sectional view 1llustrating a peripheral
portion of a pixel;

FIGS. 20A to 20D are diagrams 1llustrating an example of
a sequence of processing steps of producing the organic EL
display;

FIG. 21A 1s an equivalent circuit of a main part of another
organic EL display,

FIG. 21B 1s a cross-sectional view 1llustrating the main
part, and

FI1G. 21C 1s a cross-sectional view 1llustrating a peripheral
portion of a pixel;

FIGS. 22A to 22D are diagrams 1llustrating an example of
a sequence of processing steps ol producing the organic EL
display;

FI1G. 23 A 1s an equivalent circuit of a main part of an FED
according to a fourth embodiment of the present invention,
and

FIGS. 23B and 23C are a cross-sectional view and a plan
view thereof;

FIGS. 24 A to 24H are diagrams 1llustrating an example of
a sequence of processing steps of producing the FED;

FIG. 25A 1s an equivalent circuit of a main part of another
FED, and

FIGS. 25B and 25C are a cross-sectional view and a plan
view thereof;

FIGS. 26 A to 26H are diagrams 1llustrating an example of
a sequence ol processing steps of producing the FED; and

FIGS. 27A to 27C are diagrams 1llustrating an example of
a sequence ol processing steps of producing a solar cell
according to a fifth embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the present invention, focused-light annealing 1s pret-
erably performed by scanning a focused light ray emuitted
from a lamp across a substrate placed at a fixed location such
that zone melting recrystallization occurs or by scanning a
plurality of focused light rays emitted from a plurality of
lamps across a substrate placed at a fixed location such that
multiple zone melting recrystallization occurs. In this case,
the scanming may be accomplished either by moving the
focused light ray(s) while maintaining a substrate at a fixed
location or by moving the substrate without moving the
focused light ray(s).

In this focused-light annealing technique, a low-crystal-
quality thin semiconductor film such as an amorphous
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silicon film 1s partially melted or semi-melted and then
cooled region by region as the melted or semi-melted silicon
region 1s moved (scanned), thereby forming, by means of
zone melting recrystallization, a monocrystalline or poly-
crystalline thin semiconductor film with large grain sizes.

The catalytic element and other impurity elements are
collected (segregated) into a high-temperature region during
the above annealing process, and no such impurity elements
remains in the monocrystalline or polycrystalline thin semi-
conductor film obtained after being cooled. In the case
where heating and cooling are performed repeatedly using a
plurality of focused light rays, multiple zone melting recrys-
tallization occurs and thus the resultant monocrystalline or
polycrystalline thin semiconductor film has a still greater
grain size and higher purity.

A monocrystalline semiconductor film or a large-grain
polycrystalline semiconductor film having a large thickness
such as on the order of a few microns may be produced by
repeatedly performing the zone melting recrystallization or
multiple zone melting recrystallization process as many
times as needed thereby forming a film 1n a layer-on-layer
fashion. That 1s, after forming a monocrystalline semicon-
ductor film or a large-grain polycrystalline semiconductor
film by performing a first-time focused-light annealing pro-
cess, another low-crystal-quality thin semiconductor film 1s
formed on the monocrystalline or polycrystalline semicon-
ductor film. Thereafter, the low-crystal-quality thin semi-
conductor film 1s converted into a monocrystalline form or
large-grain polycrystalline form by performing a second-
time focused-light annealing process. The above process 1s
performed repeatedly as many times as needed to obtain a
monocrystalline semiconductor film or large-grain polycrys-
talline semiconductor film with a desired thickness on the
order of a few microns.

In the multilayer film forming process described above,
an underlying monocrystalline semiconductor film or large-
grain polycrystalline semiconductor film provides crystal
growth nuclei on the basis of which grains in the underlying-
layer film and an upper-layer film grows into greater-sized
grains with higher crystallinity. Thus, in this multilayer film
forming process, the grain size becomes greater and greater
and the purity becomes higher and higher each time a film
1s deposited on a previously formed film and annealing 1s
performed. Note that such a thick semiconductor film falls
within the scope of the “thin semiconductor film™ according
to the present 1vention.

The lamp used 1n the focused-light annealing process
described above may be of any type selected from the group
consisting of an ultraviolet (UV) lamp, a near ultraviolet
lamp, a deep ultraviolet (DUV) lamp, a visible light lamp,
and an 1nfrared lamp. A proper type of lamp may be selected
depending on the degree of heat resistance of a substrate. A
UV lamp and a DUV lamp are suitable for performing
low-temperature annealing on a film on a glass substrate. An
infrared lamp 1s suitable for performing high-temperature
annealing on a film on a quartz substrate or a crystallized
glass substrate. The 1rradiating light ray may be focused nto
a rectangular or square form so as to improve the melting
clliciency and throughput. Specific examples of UV lamps
include a high-pressure mercury lamp, an ultra-high-pres-
sure mercury lamp, and a xenon short-arc lamp. Specific
examples of DUV lamps include a low-pressure mercury
lamp and a xenon-mercury lamp. Specific examples of
inirared lamps include a halogen lamp, a xenon lamp, and an
arc lamp.

Light emitted from a lamp may be separated into a UV
component, a visible component, and an infrared compo-
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nent, and a substrate may be sequentially 1lluminated with
the separated components 1n the order of the visible com-
ponent, the inirared component, and the UV component. In
this process, a low-crystal-quality thin semiconductor film
or a substrate 1s preheated by the wvisible and infrared
components before heated by the UV component. Another
advantage of this technique 1s that the film 1s slowly cooled
and thus crystallization 1s enhanced.

Irradiation with a light ray, focused 1nto a desired form
alter being emitted from an ultra-high-pressure mercury
lamp, may be performed, for example, as follows. (1) After
focusing the light ray emitted from the ultra-high-pressure
mercury lamp into the desired shape, the light ray 1s sepa-
rated into a UV component, a visible component, and an
infrared component via a cold half mirror. (2) A low-crystal-
quality thin semiconductor film i1s irradiated with the UV
component such that the UV component 1s incident on the
film at a substantially right angle, thereby melting or semi-
melting and then cooling the film region by region thereby
crystallizing the film. (3) The visual and infrared compo-
nents are applied to the substrate and the low-crystal-quality
thin semiconductor film to heat them.

To melt the low-crystal-quality thin semiconductor film
and to heat the substrate 1n an eflicient manner in the above
irradiation process, 1t 1s desirable to meet the following
conditions:

1. The visible and infrared components are applied to a
region that 1s greater than, and contains therein, a region
irradiated with the UV component.

2. The visible and infrared components are applied before
the UV components are applied when the film and the
substrate are scanned by these components. It 1s further
desirable that, in addition to the local heating described
above, the whole substrate be heated using a resistance
heater, an infrared lamp, or the like.

The heating of the substrate may also be accomplished by
blowing a hot air/gas against the substrate during the
focused-light annealing process. For example, hot air or
inert gas (such as nitrogen gas) at a temperature from 100 to
400° C. 1s blown against the front or back side or against
both the front and back sides of the substrate such that the
substrate has a uniform temperature distribution thereby
allowing uniform crystallization of the film, a reduction 1n
stress 1n the crystallized film and in the substrate, and an
achievement of cooling at a slower rate.

As described above, it 1s preferable to heat the substrate
to a temperature depending on the material of the substrate
lower than the strain point thereof using a resistance heater,
an inirared lamp, or a laser beam during the annealing
process using the focused light. More specifically, in the case
ol a glass substrate, the substrate 1s heated to 200 to 500° C.
and more preferably 300 to 400° C. On the other hand, 1n the
case ol a quartz substrate, the substrate 1s heated to 200 to
800° C. and more preferably 300 to 600° C.

The focused-light annealing may be performed by any of
the method (1) and (2) described below. (1) While main-
taining the substrate at a fixed location, a UV ray focused
into, for example, a 100x100 mm square shape 1s scanned
across the substrate using a galvanometer scanner thereby
annealing the substrate. (2) A UV ray focused into, for
example, a 100x100 mm square shape 1s maintained 1n a
fixed state, and the substrate 1s precisely moved in X and Y
directions thereby annealing the substrate.

In the present invention, the low-crystal-quality thin semi-
conductor film may be formed by means of catalytic CVD,
plasma-enhanced CVD, reduced-pressure CVD, or sputter-
ing. In the case where the film 1s formed by means of vapor
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phase deposition, the source gas may be a silicon hydride or
a derivative thereof, a mixture of a silicon hydride or a
derivative thereof and a gas containing hydrogen, nitrogen,
germanium, carbon, or tin, a mixture of a silicon hydride or
a derivative thereof and a gas containing a group I1I or group
V element, or a mixture of a silicon hydrnide or a denvative
thereof, a gas containing hydrogen, nitrogen, germanium,
carbon, or tin, and a gas containing a group III or group V
clement.

For example, a hydrogen-based carrier gas and a source
gas or at least a part of them are brought 1into contact with
the catalytic element heated to 800 to 2000° C. (lower than
the melting point) such that depositing species such as
radicals or 10ons are created by catalytic reaction or thermal
decomposition and deposit on a substrate heated at 200 to
400° C. thereby forming a low-crystal-quality semiconduc-
tor film. Alternatively, a low-crystal-quality semiconductor
film may be deposited on a substrate heated at 200 to 400°
C. by means of plasma CVD, reduced-pressure CVD, sput-
tering, or the like, widely used 1n the art.

Specific examples of low-crystal-quality thin semicon-
ductor films formed in this technique include a film of
amorphous silicon, a film of amorphous silicon containing
microcrystalline silicon, a film of microcrystalline silicon
(containing amorphous silicon), a film of polycrystalline
silicon containing amorphous silicon and microcrystalline
s1licon, a film of amorphous germanium a film of amorphous
germanium containing microcrystalline germanium, a film
of microcrystalline germanium (containing amorphous ger-
mamum, a film of polycrystalline germanium contaiming
amorphous germanium and microcrystalline germanium, a
f1lm of amorphous silicon germanium having a composition
of S1,Ge,_ (0<x<1), a film of amorphous carbon, a film of
amorphous carbon containing microcrystalline carbon, a
film of microcrystalline carbon (containing amorphous car-
bon), a film of polycrystalline carbon containing amorphous
carbon and microcrystalline carbon, a film of amorphous
s1licon carbon having a composition of S1 C,_ (0<x<1), and
a film of amorphous gallium arsemide having a composition
of Ga_As,_ . (0O<x<l). Preferably, the basic structure of the
low-crystal-quality thin semiconductor film 1s amorphous.
In the case where the low-crystal-quality thin semiconductor
film 1ncludes microcrystals, it 1s desirable that the diameter
ol each microcrystal particle be less than 10 nm and micro-
crystal particles be iterspersed.

If a proper amount (for example, 10" to 10°° atoms/cc in
total) of at least one catalytic element selected from the
group consisting of N1, Fe, Co, Ru, Rh, Pd, Os, Ir, Pt, Cu,
Au, Ge, Pb, and Sn 1s incorporated into a low-crystal-quality
thin semiconductor film during or after the process of
growing 1t, and 1f the low-crystal-quality thin semiconductor
film contaiming such a catalytic element 1s annealed by the
focused-light annealing technique described above, crystal-
lization of the low-crystal-quality thin semiconductor film
into a polycrystalline form 1s enhanced, and the resultant
polycrystalline semiconductor film has a higher carrier
mobility and higher crystal quality. The catalytic element
may be mixed in the source gas or incorporated into the
low-crystal-quality semiconductor film by means of 1on
implantation or 1on doping.

In the focused-light annealing according to the present
invention, because the zone melting recrystallization 1is
performed while continuously moving the melted zone, a
catalytic element such as N1 preincorporated to enhance the
crystallization and other impurities are segregated into the
melted zone and thus such a catalytic element or impurities
can be easily removed. Thus, no impurities remain 1n the
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resultant annealed film. This makes 1t possible to easily
obtain a polycrystalline thin semiconductor film having
large grains, a high carrier mobaility, and high quality (high
purity). In particular, if multiple zone melting recrystalliza-
tion 1s performed by sequentially performing melting and
cooling repeatedly using a plurality of focused light rays
emitted from a plurality of lamps, it 1s possible to obtain a
polycrystalline thin semiconductor film having Ifurther
greater grains and higher quality (higher purity). The high
purity obtained by this techmque makes 1t possible to
produce a device with high stability and high reliability
without degrading characteristics of the semiconductor. Fur-
thermore, in the focused-light annealing technique, the zone
melting recrystallization or multiple zone melting recrystal-
lization 1s performed via a simple process thereby allowing
cllicient removal of a catalytic element that has finished 1ts
role 1n enhancing crystallization and also allowing eflicient
removal ol other impurities. This simplicity of the process
allows a reduction 1n cost.

It 1s preferable that the concentrations of oxygen, nitro-
gen, and carbon included 1n the monocrystalline semicon-
ductor film or the large-grain polycrystalline semiconductor
film formed according to the present invention be smaller
than 1x10" atoms/cc and more preferable smaller than
5%x10"® atoms/cc, and the concentration of hydrogen be
greater than 0.01 atm %.

In the above-described example of the focused-light
annealing process, a low-crystal-quality thin semiconductor
film such as a low-crystal-quality silicon film 1s converted
into a large-grain polycrystalline thin semiconductor film
such as a polycrystalline silicon film. The focused-light
annealing process according to the present invention may
also be used to convert a low-crystal-quality thin silicon film
into a monocrystalline form. This can be accomplished, for
example, by forming a stepped recess with a predetermined
shape and size in a particular area of a substrate where a
device 1s to be formed, forming a low-crystal-quality thin
silicon film, which may or may not include one or more
kinds of catalytic elements, on the substrate having the
stepped recess, and then performing a focused-light anneal-
ing process thereby allowing monocrystalline silicon to
grow by means of graphoepitaxy in which lower edges of the
stepped recess act as growth seeds.

Conversion of a low-crystal-quality thin silicon form into
a monocrystalline form may also be accomplished as fol-
lows. First, a crystal layer of a material that can be lattice-
matched with monocrystalline silicon, such as sapphire, 1s
formed 1n an area where a device 1s to be formed on a
substrate. A low-crystal-quality thin silicon film, which may
or may not include one or more kinds of catalytic elements,
1s then formed on the crystal layer. Thereatter, focused-light
annealing 1s performed thereby allowing monocrystalline
s1licon to heteroepitaxially grow on the crystal layer acting
as a growth seed.

A monocrystalline semiconductor film or a large-grain
polycrystalline semiconductor film having a large thickness
such as on the order of a few microns may be produced by
repeatedly performing a combination of formation of a
low-crystal-quality thin silicon film and focused-light
annealing as many times as needed. That 1s, after forming a
monocrystalline semiconductor film or a large-grain poly-
crystalline semiconductor film by performing a first-time
focused-light annealing process, another low-crystal-quality
thin semiconductor film 1s formed on the monocrystalline or
polycrystalline semiconductor film. Thereafter, the low-
crystal-quality thin semiconductor film 1s converted into a
monocrystalline form or large-grain polycrystalline form by

10

15

20

25

30

35

40

45

50

55

60

65

12

performing a second-time focused-light annealing process.
The above processes are performed repeatedly as many
times as needed to obtain a large-grain polycrystalline
semiconductor film or a monocrystalline semiconductor film
having a total thickness on the order of a few microns. In the
process of forming the film 1n a layer-on-layer fashion, an
underlying semiconductor layer 1in the monocrystal or large-
grain polycrystalline form acts as a growth seed for an upper
layer, and thus an upper semiconductor layer becomes
greater 1n grain size and better in purity than underlying
layers. In the above process, it 1s important to prevent a
low-quality-oxide film from growing on the surface of the
film crystallized via the annealing process and to prevent the
surface of the crystallized film from being contaminated
with an impurity.

In order to avoid the formation of a low-quality oxide film
and contamination and also in order to improve productivity,
means (such as plasma-enhanced CVD, analytic CVD, or
sputtering) for forming a low-crystal-quality thin semicon-
ductor film and focused-light annealing means are integrated
in a single apparatus so that the step of forming a low-
crystal-quality thin semiconductor film and the focused-light
annealing step can be performed 1 an integrated fashion.
More specifically, the apparatus 1s constructed 1n an in-line
fashion (including continuous chambers of linear or rotary
type), 1n a multiple chamber fashion, or a cluster fashion
such that the above two steps can be performed continuously
or successively.

Of above-described various types of the apparatus, the
cluster type (1) or (2) described below 1s particularly pret-
erable.

(1) A first cluster-type integrated apparatus includes a
CVD unit and an annealing unit. First, in a CVD unit, a
low-crystal-quality thin semiconductor film 1s formed on a
substrate. Thereafter, in the annealing unit, the film 1s
crystallized by means of focused-light annealing. The sub-
strate 1s then returned mto the CVD umt, and another
low-crystal-quality thin semiconductor film 1s formed. The
substrate 1s then transierred again into the annealing unit and
crystallization 1s performed by means of focused-light
annealing. The above-described steps are performed repeat-
edly as many times as required.

(2) A second cluster-type integrated apparatus includes
first, second and third CVD units, an 1on doping/implanta-
tion unit, and an annealing unit. First, in the first CVD unat,
an underlying protective film (such as a silicon oxide/silicon
nitride film) 1s formed on a substrate, and then, 1n the second
CVD unit, a low-crystal-quality thin semiconductor film 1s
formed. Thereaiter, 1n the ion doping/implantation unit, a
catalytic element 1s incorporated. Crystallization 1s then
performed 1n the annealing unit by means of focused-light
annealing. Furthermore, i the third CVD unit, a gate
insulating film (such as a silicon oxide film) 1s formed. The
above-described steps are performed successively.

Preferably, before the focused-light annealing 1s again
performed, the surface of the polycrystalline thin semicon-
ductor film 1s cleaned or a low-quality oxide film 1s removed
from the surface of the polycrystalline thin semiconductor
film by applying, to the polycrystalline thin semiconductor
film, a hydrogen-based active species created by means of
plasma discharge of hydrogen or a gas containing hydrogen
or by means ol a catalytic reaction (that 1s, by means of
plasma processing or atomic hydrogen annealing), and, after
completion of the cleaning, a low-crystal-quality thin semi-
conductor film 1s formed and focused-light annealing 1is
performed. In this case, 1t i1s preferable to perform the
focused-light annealing 1n an ambient of reduced-pressure
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hydrogen or a gas containing reduced-pressure hydrogen or
in a vacuum (such an ambient 1s generally desirable when
the focused-light annealing 1s performed).

More specifically, condition (1) or (2) described below 1s
preferable.

(1) Belfore depositing a film by means of plasma-en-
hanced CVD, only a hydrogen-based carrier gas 1s supplied
into the CVD chamber without supplying a source gas, and
a plasma treatment or an AHA treatment i1s performed such
that the surface of a polycrystalline silicon film that has
already been formed via the first-time focused-light anneal-
ing 1s exposed to created hydrogen-based active species
(such as activated hydrogen 1ons) thereby removing con-
tamination (low-quality oxide film, water, oxygen, nitrogen,
carbon oxide, etc.) from the surface and thus cleaning the
surface. Furthermore, 1n the plasma AHA treatment, residual
amorphous silicon 1n the film 1s etched, and the film 1s
converted 1mnto a higher-crystallinity polycrystalline silicon
film. This underlying layer having the cleaned surface
provides a seed for crystallization when next-time focused-
light annealing 1s performed after depositing a low-crystal-
quality silicon film on this underlying layer, and thus 1t
becomes possible to obtain a higher-quality larger-grain
polycrystalline or monocrystalline semiconductor film.

(2) To prevent oxidization and nitrization, 1t 1s desirable
that the focused-light annealing be performed 1n an ambient
of reduced-pressure hydrogen or a gas containing reduced-
pressure hydrogen or 1n a vacuum. More specifically, the
ambient used in the focused-light annealing may be hydro-
gen or a mixture of hydrogen and an inert gas (such as argon,
helium, krypton, xenon, neon, or radon), and the preferable
gas pressure 1s 1.33 Pa to atmospheric pressure and more
preferable gas pressure is 133 Pa to 4x10* Pa. In the case of
vacuum, the preferable pressure 1s 1.33 Pa to atmospheric
pressure, and more preferable pressure 1s 13.3 Pa to 1.33x
10* Pa. In the case where the low-crystal-quality thin semi-
conductor film 1s covered with a protective insulating film
(such as a silicon oxide film, a silicon nitride film, a silicon
oxide nitride film, or a silicon oxide/silicon nitride film), or
in the case where 1t 1s not needed to perform processing steps
in a immediately successive fashion, the focused-light
annealing may be performed i1n the air or atmospheric-
pressure nitrogen.

If focused-light annealing 1s performed in an ambient of
reduced-pressure hydrogen or a gas contaimng reduced-
pressure hydrogen, gas molecules in the ambient gas, having
large specific heat and thus having a high cooling eflect,
collide with the surface of the thin film, and heat 1s removed
from the thin film when the gas molecules leaves the thin
film. As a result, low-temperature spots are locally created,
and crystal nucler that can enhance crystal growth are
created at the locally-low-temperature spots. In the case
where hydrogen gas or a mixture of hydrogen gas and an
iert gas (such as He, Ne, or Ar) 1s used as the ambient gas,
the gas pressure 1s preferably set to 1.33 Pa to atmospheric
pressure and more preferably 133 Pa to 4x10* Pa so as to
ensure that the above-described eflects are achieved by
motion of hydrogen molecules having large specific heat.

In order to reduce reflection of the focused light thereby
increasing the melting efliciency, 1t 1s preferable that
focused-light annealing i1s performed after an insulating
protective film such as a silicon oxide film, silicon nitride
oxide film, or a multilayer film of silicon oxide/silicon
nitride 1s formed to a proper thickness on the low-crystal-
quality thin semiconductor film. Preferably, when the
focused-light annealing 1s performed on the low-crystal-
quality thin semiconductor film formed on the substrate or

10

15

20

25

30

35

40

45

50

55

60

65

14

when the focused-light annealing i1s performed on the low-
crystal-quality thin semiconductor film coated with a pro-
tective msulating film, the substrate 1s 1lluminated with the
focused light ray emitted from the lamp from above or from
below or from both above and below the substrate (wherein
the substrate 1s adapted to be transparent to wavelengths
smaller than 400 nm when the light 1s applied from below).

Preferably, the low-crystal-quality thin semiconductor
film or the low-crystal-quality thin semiconductor film
coated with the protective insulating film 1s formed into the
shape of one or more islands. Preferably, the 1llumination
with the focused light 1s performed in an ambient of atmo-
spheric-pressure nitrogen, the air, reduced-pressure hydro-
gen, a gas containing reduced-pressure hydrogen, or a
vacuum (such an ambient 1s generally desirable when the
illumination with the focused light 1s performed).

In order to reduce 1ncreases 1n substrate temperature and
film stress and to prevent cracking due to instantaneous
expansion of a gas (such as hydrogen) contained 1n the film
and also to prevent formation of grains to a too large size due
to a slow cooling rate, it 1s desirable that the focused-light
annealing 1s performed after patterning the low-crystal-
quality thin semiconductor film covered with the insulating
protective film into the form of 1slands.

Preferably, the focused-light annealing 1s performed while
applying a magnetic or electric field.

In this annealing process, as a result of interaction
between the electric field and electron spins of silicon atoms
in a melted region of the low-crystal-quality thin silicon
f1lm, the silicon atoms are aligned in a particular direction,
and thus, when the melted region 1s cooled and solidified, the
region 1s crystallized into the particular direction. Thus, as in
the case where the magnetic field 1s applied, the crystal
grains are aligned in the particular direction, and thus an
improvement in the carrier mobility 1s achieved. Besides,
irregularities on the film surface are reduced. Furthermore,
a high light irradiation efliciency can be achieved.

An electric field and a magnetic field may be applied at
the same time during the focused-light annealing process.
This can be accomplished by applying a high-frequency
voltage (or a DC voltage or both a DC voltage and a
high-frequency voltage) to an electrode so that an electric
field 1s applied from the electrode while applying a magnetic
field from a permanent magnet (or an electromagnet) dis-
posed around the vacuum chamber 1n which a substrate 1s
placed.

In this annealing process, as a result of interaction
between the magnetic and electric fields and electron spins
of silicon atoms 1n a melted region of the low-crystal-quality
thin silicon film, the silicon atoms are aligned 1n a particular
direction, and thus, when the melted region 1s cooled and
solidified, the region 1s crystallized mnto the particular direc-
tion. This results 1 further enhancement 1n the alignment of
the crystal grains into the particular direction, and thus a
further 1improvement 1n the carrier mobility 1s achieved.
Besides, irregularities on the film surface are further
reduced. Furthermore, a high light 1rradiation efliciency can
be achieved.

When focused-light annealing 1s performed, 1t 1s prefer-
able to heat the substrate to a temperature lower than 1ts
strain point, and more preferably to 400° C. to 450° C. so
that dehydrogenation of the low-crystal-quality thin semi-
conductor film occurs during the annealing process, and
crystallization occurs more uniformly. This also results 1n a
reduction in stress 1n the film and substrate, an increase 1n
energy wrradiation efliciency, and an increase i throughput.
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It 1s possible to form a channel and a source/drain region
of a MOSTEFT or form a diode, an interconnection, a resistor,
a capacitor, or an electron emission element, using the thin
monocrystalline or polycrystalline semiconductor film
obtained via the focused-light annealing. In this case, if the
focused-light annealing 1s performed after patterning the
low-crystal-quality thin semiconductor film 1nto a form (of
one or more islands) corresponding to the channel, the
source region, the drain region, the diode, the resistor, the
capacitor, the interconnection, or the electron emission ele-
ment, recrystallization and activation of n-type or p-type
impurities 1n the film are performed via the annealing. If the
focused-light annealing 1s performed after patterning the
above-described regions into the form of islands, it 1s
possible to prevent the substrate from being damaged
(cracked) due to a temperature increase and it 1s also
possible to prevent the film from being cracked due to a
rapid temperature increase.

The present invention can be advantageously used to form
a thin film for use 1n a silicon semiconductor device, a
silicon semiconductor integrated circuit, a silicon-germa-
nium semiconductor device, a silicon-germanium semicon-
ductor integrated circuit, a compound semiconductor device,
a compound semiconductor integrated circuit, a silicon
carbide semiconductor device, a silicon carbide semicon-
ductor integrated device, a polycrystalline diamond semi-
conductor device, a polycrystalline diamond semiconductor
integrated circuit, a liquid crystal display, an organic or
inorganic electroluminescence (EL) display, a field emission
display (FED), a light emitting polymer display, a light
emitting diode display, a CCD area/liner sensor, a CMOS or
MOS sensor, and a solar cell.

Using such a thin film, 1t 1s possible to produce a
MOSTFT of the top-gate type, bottom-gate type, or dual-
gate type. Using such a MOSTEFT, it 1s possible to produce
various kinds of circuits and devices such as a peripheral
driver circuit, a video signal processing circuit, a liqud
crystal display including a memory integrated therewith, an
organic EL display, and an FED device.

When a semiconductor device, an electro-optical display,
or a solid-state 1maging device, which includes an internal
circuit and a peripheral circuit, 1s produced, the channel
region, the source region, and the drain region of a MOSTFE'T
of at least one of the internal circuit or the peripheral circuit
may be formed using the polycrystalline or monocrystalline
thin semiconductor film described above. Various kinds of
circuits such as a peripheral drniver circuit, a video signal
processing signal, and a memory may be integrated.

Preferably, the EL device has a structure in which a
cathode or an anode 1s disposed under organic or morganic
clectroluminescent (EL) layers of respective colors, and the
cathode or the anode 1s connected to the drain or source of
the MOSTEFT.

In this FL device, if active elements such as a MOSTFT
and a diode are also covered with the cathode, then the light
emission area can be increased 1n the structure in which the
anode 1s disposed on the upper side, and, furthermore, the
cathode prevents emitted light from being incident on the
active device thereby preventing generation of a leakage
current. I the surfaces of the organic or inorganic EL layers
of respective colors and all areas between the organic or
iorganic EL layers are covered with the cathode or the
anode, the entire surface of the structure 1s covered with the
cathode or the anode, and thus the organic EL layers and
other electrodes are protected from degradation or oxidation
due to itrusion of moisture. This ensures a long life time,
high quality, and high reliability. Furthermore, the presence
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of the cathode covering the entire surface enhances heat
radiation. This suppresses a structural change (melting or
recrystallization) of the organic EL films due to heat, and the
life time, the quality, and the reliability are improved. Using
this technique, high-precision high-quality full-color organic
EL layers can be produced 1n a highly productive fashion at
low cost.

Furthermore, a black mask layer may be formed using
chromium or chromium dioxide 1n areas between the
organic or iorganic EL layers of respective colors. The
black mask layer prevents mixing of light between diflerent
colors and between different pixels, and thus contrast is
improved.

When the present invention 1s applied to a field emission
display (FED), it 1s preferable that an emitter (emission
cathode) thereof be connected to a drain of the MOSTFT via
the polycrystalline or monocrystalline thin semiconductor
film, and the emitter be formed of an n-type polycrystalline
semiconductor film or an n-type polycrystalline diamond
film formed on the polycrystalline or monocrystalline thin
semiconductor film.

In this case, it 1s preferable that a shield metal film
connected to the ground be formed such that active elements
such as MOSTFTs and diodes are covered with the shield
metal film via an msulating film (the shield metal film may
be simply formed using the same material in the same
processing step as the gate lead electrode of the FED). It
there 1s no such a shield metal film, when a gas present in
a hermetic case 1s positively ionized by electrons emitted
from the emitter, the insulating film can be charged by the
ionized gas, and the positive charge can cause an undesirable
inversion layer to be created in a MOSTE'T located under the
insulating film, and an excess current can tlow through the
current path created by the inversion layer, which can result
in run-away of the emitter current. When electrons emaitted
from the emitter collide with the phosphor, light 1s ematted
from the phosphor. This light emitted from the phosphor 1s
blocked by the shield metal film. Theretfore, no electrons and
holes are generated by the light 1n the gate channel of the
MOSTEFT, and thus no leakage current occurs.

The present invention 1s described 1n further detail below
with reference to preferred embodiments.

First Embodiment

A first embodiment of the present invention 1s described
below with reference to FIGS. 1 to 9.
In this first embodiment, the invention 1s applied to a

top-gate polycrystalline silicon CMOS (Complementary
MOS) TFT.

Catalytic CVD and Apparatus Therefor

A catalytic CVD method used in the present embodiment
1s first described. In the analytic CVD process, a reaction gas
including a hydrogen-based carrier gas and a source gas
such as silane 1s brought into contact with a heated catalytic
clement such as tungsten to give high energy to a created
radical depositing species or a precursor thereof and a
hydrogen-based active species such as activated hydrogen
ions thereby growing, by means of vapor phase deposition,
a low-crystal-quality thin semiconductor film such as micro-
crystal silicon containing amorphous silicon on a substrate.

The catalytic CVD may be performed using an apparatus
such as that shown in FIGS. 2 and 3.

In this apparatus, a hydrogen-based carrier gas and a
source gas such as silicon hydride (for example, monosi-
lane) 40 (and further a doping gas such as B,H,, PH;, or
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SnH_,, 1f necessary) are supplied into a deposition chamber
44 from a gas supply pipe 41 via a gas supply opening (not
shown) of a shower head 42. Inside the deposition chamber
44, there are disposed a susceptor 45 for supporting a
substrate 1 made of glass or the like, the shower head 42
made of a heat resistant material (preferably having a
melting point equal to or higher than that of a catalytic
clement 46), and a catalytic element 46 such as tungsten 1n
the form of a coil. Furthermore, an open/close shutter 47 1s
disposed in the deposition chamber 44. Although not shown
in the figures, a magnetic seal 1s provided between the
susceptor 45 and the deposition chamber 44, and the depo-
sition chamber 44 i1s connected to a front chamber for
performing a pre-process. The deposition chamber 44 1s
evacuated by a turbo-molecular pump or the like via a valve.

The substrate 1 1s heated by heating means such as a
heater disposed 1n the susceptor 45. The catalytic element 46
1s constructed in the form of a resistance wire so that it can
be heated to a temperature lower than 1ts melting point (800
to 2000° C. or 1600 to 1800° C. 1n the case of tungsten). Two
terminals of the catalytic element 46 are connected to a DC
or AC catalytic element power supply 48 such that the
catalytic element 46 1s heated to a predetermined tempera-
ture by a current supplied from the catalytic element power
supply 48.

To perform a catalytic CVD process using the apparatus
shown 1n FIG. 2, the 1nside of the deposition chamber 44 1s
first evacuated to a pressure of 1.33x10™* to 1.33x107° Pa
and then a hydrogen-based carrier gas 1s supplied at a tlow
rate of 100 to 200 SCCM. After heating the catalytic element
to a predetermined temperature, a reaction gas 40 including
silicon hydride (such as monosilane and further including, 11
necessary, a doping gas such as B,H, or PH,) 1s supplied at
a flow rate of 1 to 20 SCCM 1nto the deposition chamber 44
via the gas supply pipe 41 and further via the gas supply
opening 43 of the shower head 42 such that the gas pressure
1s maintained at the range of 0.133 to 13.3 Pa (1.33 Pa, for
example). The hydrogen-based carrier gas used herein may
be a hydrogen gas or a mixture of a hydrogen gas and an
mert gas, such as hydrogen+argon, hydrogen+helium,
hydrogen+neon, hydrogen+xenon, and hydrogen+krypton.
Such a hydrogen-based carrier gas may also be used 1n other
embodiments that will be described later.

Thereafter, as shown 1n FIG. 3, the shutter 47 1s opened.
As a result, at least a part of the source gas 40 1s brought 1nto
contact with the catalytic element 46 and 1s catalytically
decomposed thereby creating reactive species such as high-
energy silicon 10ns or radicals (that 1s, depositing species or
precursor thereof and radical hydrogen ions). From the
resultant species 50 in the form of 10ns or radicals having
high energy, a desired film such as a microcrystalline silicon
film containing amorphous silicon 1s formed by means of
vapor phase deposition on the substrate 1 maintained at a
temperature from 200 to 800° C. (more preferably 300 to
400° C.).

In this technique, as described above, because high energy
1s thermally given to the reactive species with the aid of
catalysis provided by the catalytic element 46 without
creating a plasma, the catalytic element 46 1s efliciently
converted to the reactive species and the film 1s uniformly
deposited on the substrate 1 by thermal CVD.

Even when the substrate temperature 1s low, large energy
of depositing species makes 1t possible to obtain a suili-
ciently good film quality. This allows a reduction 1n the
substrate temperature, and thus it becomes possible to use a
large-sized substrate made of an nexpensive insulating
material (for example, glass such as borosilicate glass or
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aluminosilicate glass or a heat-resistant resin such as poly-
imide). This also allows a reduction 1n cost.

Furthermore, because no plasma 1s generated, no damage
due to plasma occurs, and a low-stress film can be formed
using an apparatus that 1s much simpler and much mexpen-
sive than a plasma CVD apparatus.

In this technique, the process may be performed at either
atmospheric pressure or a reduced pressure (for example,
0.133 to 1.33 Pa). An apparatus used to perform the process
at atmospheric pressure can be constructed 1n a simpler form
at lower cost than an apparatus for a reduced pressure.
Besides, even when the process 1s performed at atmospheric
pressure, 1t 1s possible to deposit a film that 1s superior in
density, umiformity, and adherence to films formed using the
conventional atmospheric-pressure CVD technique. Fur-
thermore, the atmospheric-pressure process provides higher
throughput and higher productivity than the reduced-pres-
sure process, and thus a reduction 1n cost can be achieved.

In the catalytic CVD process described above, the sub-
strate temperature increases due to the radiant heat from the
catalytic element 46. If further heating 1s needed, a heater 51
for heating the substrate may be provided. Although only
one catalytic element 46 1n the form of a coil (the catalytic
clement 46 may also be 1n the form of a mesh, wire, or a
perforated plate) 1s used, 1t 1s more desirable that plural (for
example, two or three) stages of catalytic elements are
disposed 1n the gas flow direction so that the gas can be
brought into contact with the catalytic element over a greater
area. In this CVD apparatus, because the substrate 1 1is
disposed on the lower surface of the susceptor 45 located
above the shower head 42, it 1s possible to prevent unde-
sirable particles created 1n the deposition chamber 44 from
depositing on the substrate 1 or on a film formed on the
substrate 1.

Focused-Light Annealing and Apparatus Therefor

FIGS. 4A to 4D illustrate, i simplified fashions,
examples of apparatuses (annealers) for focused-light
anneal. In the examples shown 1n FIGS. 4A and 4B, focused
light 1s generated by a focused-light supply system including
an ultra-high-pressure mercury lamp 203 or the like capable
of emitting 10 kKW of light with a main wavelength of 308
nm and the substrate 1 1s continuously scanned by the
focused light (in FIGS. 4A and 4D, reference numeral 204
denotes a focusing reflector, and reference numeral 201
denotes a focusing lens). An amorphous silicon or microc-
rystalline silicon film 7A on the substrate 1 1s 1rradiated with
the focused light with an energy density of 200 to 500
mlJ/cm 1n an iert gas ambient thereby melting or semi-
melting the wrradiated portion. The irradiating light 210 1s
moved at a proper speed across the substrate 1 fixed on a
holder 202. Conversely, in the examples shown in FIGS. 4C
and 4D, the substrate 1 1s moved at a proper speed with
respect to the fixed 1irradiating light 210 thereby moving the
melted region of silicon. Thus, 1n this technique, the melted
s1licon region 7B 1s moved at a proper speed from a source
region to a gate region and further to a drain region and the
melted silicon region 7B 1s then self-cooled 1n the same
order, thereby ensuring that so-called zone melting recrys-
tallization (FIGS. 4A and 4D) occurs and a large-grain
polycrystalline silicon film 7 1s obtained.

In the above process, the catalytic element, which was
incorporated in advance for enhancement of crystallization
and which has finished 1ts role, and other impurities are
collected (segregated) into the melted (semi-melted) region
of silicon, and they are expelled to the end portion of the
substrate as the region illuminated with the focused light 1s
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moved. Thus, the catalytic element and the other impurities
are removed (gettered) from the resultant polycrystalline
silicon film. Thus, 1t 1s possible to obtain a large-grain
polycrystalline silicon film 7 whose concentrations of the
catalytic element and impurities have been reduced to a level
equal to or lower than 1x10" atoms/cc. Furthermore, in the
above process, the crystal grains of the polycrystalline
silicon film are aligned in a direction 1n which the focused
light 1s scanned. As a result, mismatching at crystal grain
boundaries 1s minimized, and the resultant polycrystalline
thin silicon film has a high mobility.

In the above process, melting or semi-melting and cooling,
of silicon may be successively repeated using a plurality of
focused-light rays emitted from a plurality of lamps such
that multiple zone melting recrystallization (FIGS. 4B and
4D) occurs. This allows achievement of still better crystal
quality and enhancement of gettering of the catalytic ele-
ment and other impurities and thus higher purity. In this
multiple zone melting recrystallization, the crystal quality
and the purity of the melted region (a) are improved by the
melted region (b) and further by the melted region (c).

The light 210 emitted from the lamp 203 may be ultra-
violet light, visible light, or infrared light, which may be
selected depending on the substrate temperature in the
MOSTFT production process and the grain size (carrier
mobility) desired to be attained.

(1) For a glass substrate, 1t 1s desirable to use an ultraviolet
lamp or a deep ultraviolet lamp that provides rather low
heating. Specific examples of ultraviolet lamps include a
high-pressure mercury lamp, an ultra-high-pressure mercury
lamp, a high-pressure xenon-mercury lamp, and a xenon
short-arc lamp. Specific examples of deep ultraviolet lamps
include a low-pressure mercury lamp and a xenon-mercury
lamp.

(2) For a heat resistant substrate such as a quartz glass
substrate or a crystallized glass substrate, any type of lamp
can be used. Specific examples of infrared lamps for this
purpose include a halogen lamp, a xenon lamp, and an arc
lamp. Specific examples of ultraviolet lamps for this purpose
include a high-pressure mercury lamp, an ultrahigh-pressure
mercury lamp, and a Xenon short-arc lamp. Specific
examples of deep ultraviolet lamps for this purpose include
a low-pressure mercury lamp and a xenon-mercury lamp.

Whatever type of lamp 1s used in the annealing, light
emitted from the lamp can be focused into the form of a line
(with a size of, for example, (500 to 600 mm)x(1 to 100
um)), a rectangle (with a size of, for example, (1 to 10
mm)x(200 to 300 mm), or a square (with a size of, for
example, 100x100 mm). Focusing of light allows an
increase in illumination intensity, and thus an increase 1n
melting efliciency. Thus, high throughput can be obtained.

The heating/melting rate and the cooling rate may be
controlled by controlling the speed at which the substrate or
the focused light ray 1s moved 1n the range of, for example,
1 to 100 mm/min, so that the resultant polycrystalline silicon
film has a desired grain side and desired purity.

The focused-light annealing conditions (such as the wave-
length, the 1llumination intensity, and the i1llumination time)
can be optimized depending on the thickness, the film
quality, the glass heat resistance temperature, and the grain
s1ze (carrier mobility) of the low-crystal-quality silicon film
in the form of, for example, amorphous.

During the focused-light annealing, it 1s desirable that hot
air or 1nert gas (such as nitrogen gas) 205 at room tempera-
ture to 400° C. and more preferably at a temperature from
200 to 300° C. be blown against the front or back side or
against both the front and back sides of the substrate via a
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nozzle 206, and, 1n addition to blowing the air or the inert
gas, the substrate be heated by an infrared lamp (such as a
halogen lamp) 207, such that the substrate has a uniform
temperature distribution thereby allowing uniform crystal-
lization of the film, a reduction 1n stress 1n the crystallized
film and 1n the substrate, a reduction in 1llumination power
needed for the focused-light annealing, and an achievement
of cooling at a slower rate. Preferably, the 1llumination light
210 from the lamp and the hot air/gas 205 are synchronously
applied from upper and lower symmetric positions.

Successive Processing of Catalytic CVD (or Plasma CVD)
and Focused-Light Annealing

In order to avoid contamination and also 1 order to
improve productivity, means (such as plasma-enhanced
CVD, analytic CVD, or sputtering) for forming a low-
crystal-quality thin semiconductor film and focused-light
annealing means are integrated 1n a single apparatus so that
the step of forming a low-crystal-quality thin semiconductor
film and the focused-light annealing step can be performed
in an integrated fashion. More specifically, the apparatus 1s
constructed in an 1in-line fashion (including continuous
chambers of linear or rotary type), in a multiple chamber
fashion, or a cluster fashion such that the above two steps
can be performed continuously or successively.

Of above-described various types of the apparatus, the
cluster type (1) or (2) described below 1s particularly pret-
erable.

(1) A first cluster-type integrated apparatus includes, as
shown 1 FIG. 5, a CVD unit and an annealing unit. First, in
a CVD unit, a low-crystal-quality thin semiconductor film 1s
formed on a substrate. Thereafter, 1n the annealing unit, the
f1lm 1s crystallized by means of focused-light annealing. The
substrate 1s then returned into the CVD unit, and another
low-crystal-quality thin semiconductor film 1s formed. The
substrate 1s then transierred again into the annealing unit and
crystallization 1s performed by means of focused-light
annealing. The above-described steps are performed repeat-
edly as many times as required. The apparatus may also be
constructed 1n an in-line fashion as shown in FIG. 6A.

(2) A second cluster-type integrated apparatus includes, as
shown 1n FIG. 7, first, second and third CVD unaits, an 1on
doping/implantation unit, and an annealing unit. First, in the
first CVD unit, an underlying protective film (such as a
silicon oxide/silicon nitride film) 1s formed on a substrate,
and then, 1n the second CVD unit, a low-crystal-quality thin
semiconductor film 1s formed. Thereatter, 1n the 1on doping/
implantation umit, a proper amount of group IV element 1s
incorporated. Crystallization 1s then performed in the
annealing unit by means of focused-light annealing. Fur-
thermore, 1n the third CVD unit, a gate insulating film (such
as a silicon oxide film) 1s formed. The above-described steps
are performed successively. The apparatus may also be
constructed 1n an 1n-line fashion as shown 1n FIG. 6B.

The silicon oxide/s1licon nitride film or the like formed 1n
the first CVD unit may be an underlying protective film of
a top-gate MOSTF'T or a bottom-gate msulating film, which
also servers as a protective film, of a bottom-gate MOSTFT.
The silicon oxide/silicon nitride film or the like formed 1n
the third CVD unit may be a gate insulating film of a
top-gate MOSTFT or a protective film of a bottom-gate

MOSTEFT.

The CVD units may be a catalytic CVD unit, a plasma-
enhanced CVD unit, or the like. Instead, a sputtering unit
may be employed. In the case where a film 1s deposited by
means of CVD, 1t 1s preferable to perform a plasma treat-
ment or a catalytic AHA treatment before the deposition. For
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example, before depositing a film by means of plasma-
enhanced CVD, only a hydrogen-based carrier gas 1s sup-
plied into the CVD chamber without supplying a source gas,
and the plasma AHA treatment 1s performed such that the
surface of a polycrystalline silicon film that has already been
formed 15 exposed to created hydrogen-based active species
(such as activated hydrogen 1ons) thereby removing con-
tamination (low-quality oxide film, water, oxygen, nitrogen,
carbon oxide, etc.) from the surface and thus cleaning the
surface. Furthermore, 1n the plasma AHA treatment, residual
amorphous silicon 1n the film 1s etched, and the film 1s
converted 1nto a higher-crystallinity polycrystalline silicon
film. This underlying layer having the cleaned surface
provides a seed for crystallization when next-time focused-
light annealing 1s performed after depositing a low-crystal-
quality silicon film on this underlying layer, and thus it
becomes possible to obtain a higher-quality larger-grain
polycrystalline or monocrystalline semiconductor film.

To prevent oxidization and nitrization, 1t 1s desirable that
the focused-light annealing be performed 1n an ambient of
reduced-pressure hydrogen or a gas containing reduced-
pressure hydrogen or in a vacuum. More specifically, the
ambient used 1n the focused-light annealing may be hydro-
gen or a mixture of hydrogen and an inert gas (such as argon,
helium, krypton, xenon, neon, or radon), and the preferable
gas pressure 1s 1.33 Pa to atmospheric pressure and more
preferable gas pressure is 133 Pa to 4x10” Pa. In the case of
vacuum, the preferable pressure 1s 1.33 Pa to atmospheric
pressure, and more preferable pressure 1s 13.3 Pa to 1.33x
10* Pa. In the case where the low-crystal-quality thin semi-
conductor film 1s covered with a protective insulating film
(such as a silicon oxide film, a silicon nitride film, a silicon
oxide nitride film, or a silicon oxide/s1licon nitride film), or
in the case where 1t 1s not needed to perform processing steps
immediately successively, the focused-light annealing may
be performed 1n the air or atmospheric-pressure nitrogen.

Because the catalytic CVD and the focused-light anneal-
ing can be performed without causing generation of a
plasma, no damage due to plasma occurs, and a low-stress
film can be formed. Besides, the apparatus used 1s simpler
and more mexpensive than a plasma CVD apparatus.

As shown 1 FIG. 8, if the focused-light annealing 1s
performed after covering the surface of the low-crystal-
quality thin semiconductor film 7A with a protective insu-
lating film 233 such as a silicon oxide film, a silicon nitride
film, a silicon oxide nitride film, or a silicon oxide/silicon
nitride film, the thin polycrystalline silicon film 7 1s formed
in a highly-reliable fashion. However, 1f no protective insu-
lating film 1s used, melted silicon can spill, or surface tension
can cause silicon grains to remain, or 11 SOme cases, no
polycrystalline silicon film 1s formed.

During the crystallization of the low-crystal-quality thin
semiconductor film by means of the focused-light annealing,
a magnetic or electric field or both a magnetic field and an
clectric field may be applied so that crystal grains are aligned
in a desired crystal orientation.

The magnetic field may be applied, for example, as shown
in FI1G. 9A or 9B. That 1s, light emitted from a focused-light
source mncluding a lamp 203, a reflector 204, and a lens 201
1s directed via an optical controller and an optical window
into a vacuum chamber 211 in which a substrate 1 1s placed
(light may be directed 1n a similar manner in other types of
apparatuses that will be described later), and focused-light
annealing 1s performed under application of a magnetic field
from a permanent magnet 231 or an electromagnet 232
disposed around the vacuum chamber 211.
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In this annealing process under application of the mag-
netic field, interaction occurs between the magnetic field and
clectron spins of silicon atoms in a melted region of the
low-crystal-quality thin silicon film 7A, and the silicon
atoms are aligned 1n a particular direction. When the melted
region 1s cooled and solidified, the region 1s crystallized nto
the particular direction. In a film crystallized such that the
crystal orientations of grains are substantially aligned into a
particular direction, the electron potential barrier at the grain
boundaries becomes low, and thus a high carrier mobility
can be obtained. In the above process, what 1s of essential
importance 1s that the crystal ornientation 1s aligned in a
particular direction, and 1t 1s not important which direction
the crystal orientation 1s aligned. The crystal orientation 1s
aligned 1n a direction normal to the resultant polycrystalline
thin silicon film 7 or 1n a direction parallel with the film,
depending on the outer shell structure of silicon atoms. The
alignment of crystal grains results 1n elimination of 1rregu-
larities of the surtace of the polycrystalline thin silicon film.
The resultant flat surface of the thin film results 1n a good
interfacial state between the thin film and a gate insulating
f1lm or the like formed thereon, and thus the carrier mobaility
1s 1mproved.

In the example shown 1n FIG. 9C, instead of the magnetic
field, an electric field 1s applied by a power supply 233. An
clectrode 234 1s disposed around a vacuum chamber 211 1n
which a substrate 1 1s placed, and a high-frequency voltage
(or a DC voltage or both a high-frequency voltage and a DC
voltage) 1s applied to the electrode so that focused-light
annealing 1s performed under application of the electric

field.

In this annealing process, as a result of interaction
between the electric field and electron spins of silicon atoms
in a melted region of the low-crystal-quality thin silicon film
7A, the silicon atoms are aligned in a particular direction.
When the melted region 1s cooled and solidified, the region
1s crystallized while maintaining the orientation in the
particular direction. Thus, as 1n the case where the magnetic
field 1s applied, the crystal grains are aligned 1n the particular
direction, and thus an improvement in the carrier mobility 1s
achieved. Besides, iwrregularities on the film surface are
reduced. Another advantage of this technique 1s that a high
illumination efliciency 1s obtained when the substrate 1 is
illuminated with the light 210 emitted from the lamp.

In the example shown 1n FIG. 9D, a magnetic field and an
clectric field are simultaneously applied. A permanent mag-
net (or electromagnet) 231 for generating a magnetic field
and an electrode 234 for generating a high-frequency volt-
age (or a DC voltage or both a high-frequency voltage and
a DC voltage) are disposed around a vacuum chamber 211
in which a substrate 1 1s placed, whereby focused-light
annealing 1s performed under application of the magnetic

field and the electric field.

In this annealing process, interaction occurs between the
magnetic and electric fields and electron spins of silicon
atoms 1 a melted region of the low-crystal-quality thin
silicon film 7A, and the silicon atoms are aligned in a
particular direction. When the melted region 1s cooled and
solidified, the region 1s crystallized into the particular direc-
tion. This results further enhancement 1n the alignment of
the crystal grains into the particular direction, and thus a
further improvement in the carrier mobility 1s achieved.
Besides, 1rregularities on the film surface are further
reduced. Another advantage of this technique 1s that a high
illumination efliciency 1s obtained when the substrate 1 1s
illuminated with the light 210 emitted from the lamp.
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Production of Top-Gate CMOSTFT

An example of a sequence of processing steps of produc-
ing a top-gate CMOSTFT using focused-light annealing
according to the present embodiment of the mvention 1s
described below.

First, as shown in FIG. 1A, an underlying protective film
100 having a multilayer structure of a silicon nitride layer
and a silicon oxide layer 1s formed, by means of vapor phase
deposition such as plasma-enhanced CVD, catalytic CVD,
or reduced-pressure CVD, on an msulating substrate 1 made
of borosilicate glass, aluminosilicate glass, quartz, or crys-
tallized glass, wherein the underlying protective film 100 1s
formed at least 1n an area where a TF'T 1s to be formed. The
formation of the underlying protective film 100 may be
performed as follows.

The insulating substrate 1 used herein 1s made of a glass
material properly selected depending on the temperate at
which processing for producing the TFT 1s performed.

In the case where the processing temperature 1s in the
range from 200 to 3500° C., a glass substrate made of
borosilicate glass or aluminosilicate glass or a heat-resistant
resin substrate (with a size of 500x600x0.5 to 1.1 um (in
thickness)) may be employed as the insulating substrate 1.

In the case where the processing temperatures 1s 1n the
range from 600 to 1000° C., a heat-resistance glass substrate
made of quartz or crystallized glass (with a size of 6 to 12
inches 1n diameter and 700 to 800 um in thickness) may be
employed. The protective nitride film serves as a Na block-
ing layer for preventing the film to be formed from being
contaminated with Na 1ons from the glass substrate. In the
case where a synthetic quartz substrate 1s used, the protec-
tive nitride {ilm 1s not necessary.

In the case where the catalytic CVD process 1s used, an
apparatus similar to that shown i FIGS. 2 and 3 may be
employed. To prevent the catalytic element from being
oxidized, 1t 1s required that a hydrogen-based carrier gas be
supplied into the apparatus before heating the catalytic

clement to a predetermined temperature (in the range of
1600° C. to 1800° C. and more specifically at 1700° C.), and,

after completion of depositing the film, the supply of the
hydrogen-based carrier gas be stopped after cooling the
catalytic element to a sufliciently low temperature.

When the film 1s deposited, the hydrogen-based carrier
gas (such as hydrogen, argon+hydrogen, helium+hydrogen,
or neon+hydrogen) 1s supplied into the chamber over the
whole processing period, and the gas pressure, the gas flow
rate, and the susceptor temperature are controlled as follows:

Gas pressure 1side the chamber: 0.1 to 10 Pa (1 Pa, for
example)

Susceptor temperature: 350° C.

Flow rate of the hydrogen-based carrier gas: 100 to 200
SCCM (1n the case where a mixed gas 1s used, the concen-
tration of hydrogen 1s set to, for example, 80 to 90 mol %)

The silicon nitride film 1s formed so as to have a thickness
of 50 to 200 nm under the following conditions:

H, 1s used as the carrier gas, and a mixture of monosilane
(S1H,) and ammonium (NH,) 1n a proper ratio 1s used as the
source gas.

Flow rate of H,: 100 to 200 SCCM

Flow rate of SiH,: 1 to 2 SCCM
Flow rate of NH;: 3 to 5 SCCM

The silicon oxide film 1s formed so as to have a thickness
of 50 to 200 nm under the following conditions:

H, 1s used as the carrier gas, and a mixture of monosilane
(S1H,) and O, diluted with He 1n a proper ratio 1s used as the
SOuUrce gas.
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Flow rate of H,: 100 to 200 SCCM
Flow rate of S1iH,: 1 to 2 SCCM
Flow rate of O, diluted with He: 0.1 to 1 SCCM
In the case where the film 1s formed by means of RF
plasma CVD, the following conditions may be employed:

Conditions for formation of the silicon oxide film are:
Flow rate of SiH,: 5 to 10 SCCM

Flow rate of N,O: 1000 SCCM

(as pressure: 50 to 70 Pa

REF power: 1000 W

Substrate temperature: 350° C.

Conditions for formation of a silicon nitride film are:

Flow rate of SiH,: 50 to 100 SCCM
Flow rate of NH;: 200 to 250 SCCM
Flow rate of N,: 700 to 1000 SCCM
(as pressure: 50 to 70 Pa

RE power: 1300W

Substrate temperature: 250° C.

Thereatter, as shown 1 FIG. 1B, a low crystal quality
silicon {ilm 7A having a thickness of 50 nm and doped with,
for example, a group 1V element such as tin to a concen-
tration of 10" to 10°° atoms/cc is formed by means of
catalytic CVD or plasma-enhanced CVD (wherein the dop-
ing may be performed during the CVD process or may be
performed by means i1on implantation after forming the
film.) Note that the doping of tin 1s not necessarily needed
(this 1s also true 1n other examples described later). Imme-
diately thereafter, a silicon oxide film serving as a protective
film and a reflection reduction film 1s formed to a thickness
of 10 to 30 nm.

The silicon oxide film may be formed using the apparatus
shown 1n FIG. 2 or 3 such that a low-crystal-quality thin
silicon film doped with, for example, tin or nickel 1s depos-
ited by means of catalytic CVD. In the case where nickel 1s
doped, doping may be performed by means of 10n implan-
tation or 1on doping after depositing the thin film. On the
other hand, doping of tin may be performed by supplying a
gas described below during the deposition of the thin film.

Deposition of microcrystalline silicon containing amor-
phous silicon by means of analytic CVD may be performed
using H, as a carrier gas and using a mixture, in a proper
ratio, of mono silane (S1iH,) and tin hydride (SnH,) under
the following conditions:

Flow rate of H,: 150 SCCM
Flow rate of S1iH,: 15 SCCM

Flow rate of SnH,: 15 SCCM

In the above process, 1I a proper amount ol n-type
impurity such as phosphorus, arsenic, or antimony or a
p-type impurity such as boron 1s mixed 1n a silane-based gas
(such as silane, disilane, or trisilane) of the source gas, a
tin-doped silicon film having a desired n-type or p-type
carrier concentration can be obtained.

More specifically, the n-type impurity may be provided by
using PH, (phosphine), ASH, (arsine), or SbH; (stibine), and
the p-type impurity may be provided by using B,H, (dibo-
rane).

In the case where the above films are formed 1n the same
single chamber, the hydrogen-based carrier gas 1s always
supplied 1nto the chamber, and, after heating the catalytic
clement to a predetermined proper temperature, the deposi-
tion process may be performed as follows.

First, a silicon nitride film with a desired thickness is
formed using monosilane and ammonia mixed 1 a proper
ratio. After completion of the process of forming the silicon
nitride film, the source gas used 1n this process 1s exhausted,
and a silicon oxide film with a desired thickness 1s formed
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using monosilane and He-diluted O, mixed 1n a proper ratio.
After completion of the process of forming the silicon oxide
f1lm, the source gas used 1n this process 1s exhausted, and a
tin-doped microcrystalline silicon film containing amor-
phous silicon with a desired thickness 1s formed using
monosilane and SnH_, mixed 1n a proper ratio. After comple-
tion of the process of forming the tin-doped microcrystalline
s1licon {ilm, the source gas used in this process 1s exhausted,
and a silicon oxide film with a desired thickness 1s formed
using monosilane and He-diluted O, mixed 1n a proper ratio.
After completion of forming the films, the catalytic element
1s cooled to a sufliciently low temperature. Thereafter,
supply of the hydrogen-based carrier gas 1s stopped. In the
above process, the flow rate of the source gas for forming an
insulating film may be gradually reduced or increased so that
the composition of the resultant film gradually changes.
In the case where the respective films are formed in
different chambers, the hydrogen-based carrier gas 1s always
supplied into the respective chambers, and, after heating the
catalytic element to a predetermined proper temperature, the
deposition process may be performed as follows. The sub-
strate 1s placed 1n a first chamber, and a silicon nitride film
with a desired thickness 1s formed using monosilane and
ammonia mixed 1n a proper ratio. Thereatter, the substrate 1s
transferred into a second chamber, and a silicon oxide film
1s formed using monosilane and He-diluted O, mixed 1n a
proper ratio. The substrate 1s then transferred into a third
chamber, and a tin-doped microcrystalline silicon film con-
taining amorphous silicon 1s formed using monosilane and
SnH mixed m a proper ratio. Thereafter, the substrate 1s
again transierred into the second chamber, and a silicon
oxide film 1s formed using monosilane and He-diluted O,
mixed 1 a proper ratio. After completion of forming the
films, the catalytic element 1s cooled to a sufliciently low
temperature. Therealter, supply of the hydrogen-based car-
rier gas 1s stopped. Instead, the hydrogen-based carrier gas
and the respective source gases may be continuously sup-
plied without being turned off such that the standby state 1s
maintained.

In the case where a low-crystal-quality silicon film 1s
formed by means of RF plasma CVD, the formation of the
film may be performed under the following conditions:

Flow rate of SiH,: 100 SCCM

Flow rate of H,: 100 SCCM

Gas pressure: 1.33x10* Pa

RE power: 100 W

Substrate temperature: 350° C.

Thereafter, as shown 1n FIG. 1C, the microcrystalline or
amorphous silicon film 7A is converted into a large-grain
polycrystalline silicon film 7 by performing focused-light
annealing such that, as shown i FIG. 4A or 4B, i an
ambient of an inert gas (such as nitrogen), the microcrys-
talline/amorphous silicon film 7A 1s 1lluminated with
focused light 210 with energy density of 200 to 500 mJ/cm?
continuously emitted from a focused-light source including
an ultra-high-pressure mercury lamp 203 capable of output-
ting 10 kKW light with a main wavelength of 308 nm so as to
melt or semi-melt an 1lluminated region of the microcrys-
talline/amorphous silicon film 7A while moving the melted
or semi-melted by moving the focused light at a proper
speed with respect to the substrate 1 maintained at a fixed
location (or by moving the substrate 1 with respect to the
focused light 210 maintained at a fixed location), thereby
successively melting or semi-melting a source region, a gate
region and a drain region and then successively self-cooling,
the source region, the gate region and the drain region. Via
this annealing process, zone melting recrystallization
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occurs, and the microcrystalline/amorphous silicon film 7A
1s converted 1nto a large-grain polycrystalline film 7. In the
above process, the catalytic element, which was incorpo-
rated for enhancement of crystallization and which has
finished its role, and other impurities are collected (segre-
gated) mto the melted (semi-melted) region of silicon, and
thus a large-grain polycrystalline silicon film 7 1s formed
whose concentrations of the catalytic element and impurities
have been reduced to a level equal to or lower than 1x1x10"°
atoms/cc.

In the above process, melting or semi-melting and cooling,
of silicon may be successively repeated using a plurality of
focused-light rays emitted from a plurality of lamps such
that multiple zone melting recrystallization occurs. This
allows achievement of still better crystal quality and
enhancement of gettering of the catalytic element and other
impurities and thus higher punty.

The light emitted from the lamp 203 may be ultraviolet
light, visible light, or infrared light, which may be selected
depending on the substrate temperature 1n the MOSTFEFT
production process and the grain size (carrier mobility)
desired to be attained.

(1) For a glass substrate, it 1s desirable to use an ultraviolet
lamp or a deep ultraviolet lamp that provides rather low
heating. Specific examples of ultraviolet lamps include a
high-pressure mercury lamp, an ultra-high-pressure mercury
lamp, a high-pressure xenon-mercury lamp, and a xenon
short-arc lamp. Specific examples of deep ultraviolet lamps
include a low-pressure mercury lamp and a xenon-mercury
lamp.

(2) For a heat resistant substrate such as a quartz glass
substrate or a crystallized glass substrate, any type of lamp
can be used. Specific examples of infrared lamps for this
purpose include a halogen lamp, a xenon lamp, and an arc
lamp. Specific examples of ultraviolet lamps for this purpose
include a high-pressure mercury lamp, an ultrahigh-pressure
mercury lamp, and a xenon short-arc lamp. Specific
examples of deep ultraviolet lamps for this purpose include
a low-pressure mercury lamp and a xenon-mercury lamp.

Whatever type of lamp 1s used in the annealing, light
emitted from the lamp can be focused into the form of a line
(with a size of, for example, (500 to 600 mm)x(1 to 100
um)), a rectangle (with a size of, for example, (1 to 10
mm)x(200 to 300 mm), or a square (with a size of, for
example, 100x100 mm). Focusing of light allows an
increase 1n illumination intensity, and thus an increase 1n
melting efliciency. Thus, high throughput can be obtained.
The heating/melting rate and the cooling rate may be con-
trolled by controlling the speed at which the substrate or the
focused light ray 1s moved 1n the range of, for example, 1 to
100 mm/min, so that the resultant polycrystalline silicon
film has a desired grain side and desired purity.

The focused-light annealing conditions (such as the wave-
length, the 1llumination intensity, and the illumination time)
can be optimized depending on the thickness, the film
quality, the glass heat resistance temperature, and the grain
s1ze (carrier mobility) of the low-crystal-quality silicon film.
During the focused-light annealing, 1t 1s desirable that hot air
or inert gas (such as nitrogen gas) at room temperature to
400° C. and more preferably at a temperature from 200 to
300° C. be blown against the front or back side or against
both the front and back sides of the substrate, and, in
addition to blowing the air or the inert gas, the substrate be
heated by an infrared lamp (such as a halogen lamp), such
that the substrate has a uniform temperature distribution
thereby allowing uniform crystallization of the film, a reduc-
tion 1n stress in the crystallized film and 1n the substrate, a
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reduction 1n illumination power needed for the focused-light
annealing, and an achievement of cooling at a slower rate.

It 1s preferable that, before performing the focused-light
annealing process, the film 7A be doped with catalytic metal
(such as nickel) by means of ion implantation, 1on doping,
or the like to a concentration equal to smaller than 10°°
atoms/cc and more specifically in the range of 1x10'® to
1x10°° atoms/cc. It is also preferable that the focused-light
annealing be performed after covering the surface of the
low-crystal-quality silicon film with a protective film such as
a silicon oxide film, silicon nitride film, silicon oxide nitride
film, or a multilayer film of silicon oxide/silicon nitride,
thereby preventing melted silicon from being splashed dur-
ing the annealing process and preventing a silicon grain
from being created by surtace tension that would otherwise
present, and thus obtaining a high-quality monocrystalline
silicon film.

In order to suppress an increase 1n the substrate tempera-
ture and to enhance crystallization, 1t 1s preferable to per-
form focused-light annealing after patterning, into islands,
the low-crystal-quality silicon film that may or may not be
covered with the protective silicon oxide film thereby
obtaining a high-quality polycrystalline silicon film.

If focused-light annealing 1s performed under adequate
conditions after forming a gate channel region, a source
region, and a drain region, which will be described later, not
only crystallization but also activation of an n-type or p-type
impurity (such as phosphorus, arsenic, or boron) occurs at
the same time, and thus high productivity 1s achieved.

Thereafter, a MOSTFT including a source region, a
channel region, and a drain region formed of the polycrys-
talline silicon film 7 1s produced.

That 1s, as shown i FIG. 1D, the silicon oxide film
serving as the protective film and as the retflection reducing
f1lm 1s removed by means of a photolithographic process and
an etching process that are well known in the art, and,
thereatter, the polycrystalline silicon film 7 1s patterned 1nto
islands. Thereafter, 1n order to adjust the impurity concen-
tration of the channel region of the nMOSTFT so as to adjust
its threshold wvalue (V,) to an optimum value, the
pMOSTEFT area 1s covered with a photoresist 9, and a p-type
impurity (such as boron 1ons) 10 1s doped at a dose of, for
example, 5x10'" atoms/cm” by means of ion implantation or
ion doping such that the acceptor concentration of the
channel region of the nMOSTFET becomes 1x10'” atoms/cc.
Thus, the conduction type of the doped region of the
polycrystalline silicon film 7 i1s converted, and a p-type
polycrystalline film 11 1s obtained.

Thereafter, as shown in FIG. 1E, 1n order to adjust the
impurity concentration of the channel region of the
pMOSTFT so as to adjust 1ts threshold value (V) to an
optimum value, the nMOSTFT area 1s covered with a
photoresist 12, and an n-type impurity (such as phosphorus
ions) 13 is doped at a dose of, for example, 1x10'* atoms/
cm” by means of ion implantation or ion doping such that the
donor concentration of the channel region of the pMOSTFT
becomes 2x10"” atoms/cc. Thus, the conduction type of the
doped region of the polycrystalline silicon film 7 1s con-
verted, and an n-type polycrystalline film 14 1s obtained.

Thereafter, as shown 1n FIG. 1F, a silicon oxide film 8
with a thickness of 50 nm serving as a gate insulating film
1s Tormed by means of catalytic CVD or the like. Thereaftter,
a phosphorus-doped polycrystalline film 15 serving as a gate
clectrode material with a thickness of, for example, 400 nm
1s deposited by means of catalytic CVD using PH, supplied
at a flow rate of 2 to 20 SCCM and SiH, supplied at a tlow
rate of 20 SCCM and 20.
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Thereatter, as shown 1n FIG. 1G, a photoresist 16 having,
a predetermined pattern 1s formed, and the phosphorus-
doped polycrystalline silicon film 15 1s patterned, using the
photoresist 16 as a patterning mask, into a gate electrode
pattern. After removing the photoresist 16, a silicon oxide

film 17 with a thickness of 20 nm 1s formed by means of
catalytic CVD or the like as shown i FIG. 1H.

Thereatter, as shown in FIG. 11, the pMOSTFT area 1s
covered with a photoresist 18, and an n-type impurity 19
such as phosphorus 10ons 1s doped by means of 10n 1mplan-
tation or ion doping at a dose of, for example, 1x10"
atoms/cm?, thereby forming an n*-type source region 20 and
drain region 21 of an nMOSTFT such that the resultant
source and drain regions have a donor concentration of
2x10°° atoms/cc.

Thereafter, as shown 1n FIG. 1J, the nMOSTFT area 1s
covered with a photoresist 22, and a p-type impurity 23 such
as boron 10ns 1s doped by means of 1on implantation or 1on
doping at a dose of, for example, 1x10"'> atoms/cm?, thereby
forming a p*-type source region 24 and drain region 25 of
a pMOSTEF'T such that the resultant source and drain regions
have an acceptor concentration of 2x10”° atoms/cc. Anneal-
ing 1s then performed for 5 min at about 900° C. 1n a nitrogen
ambient thereby activating the impurity ions doped 1n the
respective regions so that the respective regions have desired
impurity (carrier) concentrations.

Thus, the gate, the source, and the drain are formed via the
above-described process. Note that they may be formed
using another process.

That 1s, for example, after completion of the step shown
in FI1G. 1B, the polycrystalline silicon film 7 1s patterned into
islands where a pMOSTFT and an nMOSTFT are to be
formed. This can be accomplished using a photolithographic
process and an etching process that are well known 1n the art
such that the silicon oxide film serving as the protective film
and also as the reflection reducing film 1s removed using a
hydrofluoric acid-based etchant, the microcrystalline silicon
film containing amorphous silicon is selectively removed by
means of plasma etching using CF,, SF., or the like, and
finally a photoresist 1s removed and cleaned using an organic
solvent or the like. In the focused-light annealing performed
thereatter, a rapid increase 1n temperature occurs as a result
of 1llumination of the focused light that 1s applied in order
to melt silicon, and a stress 1s induced when silicon 1s
cooled. Thus, there 1s a possibility that a crack i1s generated
in the polycrystalline silicon film when being heated and
cooled. The patterning into 1slands makes an important
contribution to suppression of the increase 1n the substrate
temperature. That 1s, the patterning into 1slands performed
betore the focused-light annealing results in a reduction in
heat dissipation that causes the melted silicon region to be
cooled at a lower rate that results in enhancement of crystal
growth, and, the reduction 1n heat dissipation also allows a
reduction in unnecessary increase in the substrate temperate
in the melted silicon region.

After annealing the low-crystal-quality silicon film 7A
using the focused-light annealing technique 1n a similar
manner as described above, the silicon oxide film serving as
the protective film and also as the reflection reducing film 1s
removed. Thereafter, as in the previous example, the 1mpu-
rity concentrations ol the respective channel regions are
adjusted so as to obtain optimum V,, by doping an n-type
impurity such as phosphorus at a dose of 1x10"* atoms/cm?
into the pMOSTFT region by means of 1on implantation or
ion doping using a photoresist mask as a doping mask such
that the pMOSTFT region has a donor concentration of
2x10"" atoms/cc and doping a p-type impurity such as boron
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at a dose of 5x10"" atoms/cm” into the nMOSTFT region
such that the nMOSTFT region has an acceptor concentra-
tion of 1x10"" atoms/cc.

Thereafter, source/drain regions are formed using a pho-
tolithographic process well known 1n the art. More specifi-
cally, for the nMOSTEF'T, an n-type impurity such as arsenic
or phosphorus ions is doped at a dose of 1x10"> atoms/cm?
by means of 10n implantation or 10n doping so as to obtain
a donor concentration of 2x10°° atoms/cc, and, for the
pMOSTEFT, a p-type impurity such as boron ions 1s doped at
a dose of 1x10"> atoms/cm” by means of ion implantation or
ion doping so as to obtain an acceptor concentration of
2x10°° atoms/cc.

Thereafter, the n-type and p-type impurities 1n the poly-
crystalline silicon film are activated. More specifically, a
heat treatment 1s performed at about 1000° C. for about 30
sec by means of focused-light annealing with energy lower
than 1s used for crystallization or by means of RTA (Rapid
Thermal Anneal) using an infrared lamp such as a halogen
lamp thereby activating the impurities in the gate channel
region and source/drain regions. Thereafter (or before the
activation of impurities), a silicon oxide film serving as a
gate msulating film 1s formed. If desired, a silicon nitride
film and a silicon oxide film are successively deposited to
form a gate msulating film having a multilayer structure.
More specifically, a silicon oxide film 8 with a thickness of
40 to 50 nm 1s formed by means of catalytic CVD using a
hydrogen-based carrier gas and monosilane and He-diluted
O, mixed 1n a proper ratio, and then, if desired, a silicon
nitride film with a thickness of 10 to 20 nm 1s formed using
a hydrogen-based carrier gas and monosilane and NH;
mixed 1n a proper ratio, and furthermore, a silicon oxide film
with a thickness of 40 to 50 nm 1s formed under the same
condition as described above.

Thereatter, as shown in FIG. 1K, a silicon oxide film 26
with a thickness of, for example, 50 nm, a phosphosilicate
glass (PSG) film 28 with a thickness of, for example, 400
nm, and a silicon nitride film 27 with a thickness of, for
example, 200 nm are formed 1n a multilayer fashion over the
entire surface by means of catalytic CVD. More specifically,
the silicon oxide film 26 may be formed using He-diluted O,
supplied at a tflow rate of 1 to 2 SCCM and monosilane
supplied at a flow rate of 15 to 20 SCCM, the phosphosili-
cate glass film 28 with a thickness of, for example, 40 nm
may be formed using PH, at a flow rate of 1 to 20 SCCM,
He-diluted O, at a flow rate of 1 to 2 SCCM, and S1H, at a
flow rate of 15 to 20 SCCM, and the silicon nitride film 27
with a thickness of, for example, 200 nm may be formed
using NH, at a flow rate of 50 to 60 SCCM and monosilane
at a flow rate of 15 to 20 SCCM, wherein a hydrogen-based
carrier gas 1s supplied at a flow rate of 150 SCCM when any
film 1s formed.

Thereatter, as shown in FIG. 1L, contact holes are formed
at predetermined locations 1n the 1nsulating films formed via
the above-described process. More specifically, using a
photolithographic process and an etching process well
known 1n the art, a photoresist having a pattern correspond-
ing to gates, sources, and drains of the nMOSTFT and the
pMOSTEFT 1s formed; the silicon nitride passivation film 1s
plasma-etched using CF,, SF., or the like; and the silicon
oxide film and the PSG film are etched using a hydrofluoric
acid-based etchant. The photoresist 1s then removed using an
organic solvent or the like. As a result, the gate regions,
source regions, and drain regions of the nMOSTEFT and the
pMOSTEFT are exposed.

Thereatfter, an electrode material such as aluminum con-
taining 1% of silicon 1s deposited at 150° C. by means of
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sputtering or the like to a thickness of 1 um over the entire
surface including the areas exposed through the contact
holes. The deposited electrode material 1s then patterned so
as to form source/drain electrodes 29 (S or D) and gate
clectrodes and interconnections 30 (G) of the pMOSTFT
and the nMOSTFT thereby forming a top-gate CMOSTEFT.
Thereatter, hydrogenation and sintering are performed 1n an
ambient of a forming gas at 400° C. for 1 hour. In the above
process, the aluminum film may be deposited by means of
catalytic CVD using an aluminum compound gas (such as

AICL,).

Instead of forming the gate electrodes i1n the above-
described manner, the gate electrodes of the nMOSTEFT and
the pMOSTFT may be formed by depositing a refractory
metal such as a Mo—Ta alloy to a thickness of 400 to 500
nm over the entire surface by means of sputtering and then
patterning 1t using a photolithographic process and an etch-
ing process well known 1n the art.

A top-gate polycrystalline silicon CMOSTFT may also be
produced by means of liquid phase growth using a melt of
a silicon alloy and focused-light annealing. An example of
a sequence ol processing steps 1s described below. After
forming an underlying protective film, an amorphous/mi-
crocrystalline silicon layer that may or may not contain tin
1s grown (precipitated) using one of methods (1) to (5)
described below, and a low-melting metal film remaining on
the grown layer 1s removed.

(1) After coating a melt of a low-melting metal such as tin
containing silicon, the melt 1s cooled.

(2) The substrate with the underlying protective film
formed thereon 1s dipped 1n a melt of a low-melting metal
such as tin containing silicon. After immersion for a proper
period of time, the substrate 1s drawn up and cooled.

(3) After forming a film of a low-melting metal such as tin
containing silicon on the underlying layer, the film 1s melted
by heating it. Thereatfter, the film 1s cooled.

(4) A silicon film 1s formed on the underlying layer and a
film of a low-melting metal such as tin 1s formed on the
silicon film. The films are then melted by heating them.
Thereafter, the films are cooled.

(5) A film of a low-melting metal such as tin 1s formed on
the underlying layer and a silicon film 1s formed thereon.
The films are then melted by heating them. Thereafter, the
films are cooled.

Thereatter, the microcrystalline/amorphous silicon layer
that may or may not contain tin 1s patterned into the form of
islands where a pMOSTFT and an nMOSTFT are to be
formed. The impurity concentrations of the channel regions
are adjusted by means of ion implantation or 1on doping so
as to adjust V, to optimum values (1n a similar manner as
described earlier). Thereafter, sour/drain regions of the
pMOSTFT and the nMOSTEFT are formed by means of 1on
implantation or 1on doping (in a stmilar manner as described
carlier).

-

T'hereafter, focused-light annealing 1s performed for crys-
tallization and activation of 1ons (in a similar manner as
described earlier). Thereatter, a silicon oxide film serving as
a gate msulating film 1s formed by means of catalytic CVD.
If desired, a silicon nitride film and a silicon oxide film are
successively deposited to form a gate insulating film having
a multilayer structure (in a similar manner as described
carlier). The following processing steps are performed in a
similar manner as described earlier. The above-described
method using liquid phase growth may also be employed to
produce a bottom-gate CMOSTFT and a dual-gate
CMOSTFT that will be described later.
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In the above process, the crystallization and the activation
of 1ons may be performed separately. For example, the
activation of 1ons may be performed by means of RTA
separately from the crystallization by means of focused-light
annealing.

A low-crystal-quality silicon film formed by means of
sputtering may also be employed to produce a top-gate
polycrystalline silicon CMOSTEFT. In this case, the produc-
tion process including the steps of forming the low-crystal-
quality silicon film and performing focused-light annealing
may be performed as follows. First, an underlying protective
film 1s formed by means of sputtering. More specifically,
silicon nitride 1s deposited over the entire surface of an
insulating substrate by sputtering a silicon nitride target in an
ambient ol argon gas at a pressure of 0.133 to 1.33 Pa
thereby forming a silicon nitride film with a thickness of 50
to 200 nm. A silicon oxide film with a thickness of 100 to
200 nm 1s then formed over the entire surface of the silicon
nitride film by sputtering a silicon oxide target 1n an ambient
of argon gas at a pressure of 0.133 to 1.33 Pa.

Thereafter, a silicon target that may or may not contain 0.1
to 1 at % of tin or nickel 1s sputtered 1n an ambient of argon
gas at a pressure of 0.133 to 1.33 Pa thereby forming an
amorphous silicon film that may or may not contain tin or
nickel to a thickness of 50 nm on the msulating substrate, at
least 1n areas where TFTs are to be formed.

Thereatter, a silicon oxide film with a thickness of 10 to
30 nm serving as a protective film and also as a reflection
reducing film 1s formed over the entire surface of the
amorphous silicon {ilm by sputtering a silicon oxide target 1in
an ambient of argon gas at a pressure of 0.133 to 1.33 Pa.

Alternatively, the above films may be formed by sputter-
ing the same silicon target while changing the sputtering gas.
That 1s, the silicon nitride film may be formed using a
mixture of argon gas and nitrogen gas (5 to 10 mol %), the
silicon oxide film may be formed using a mixture of argon
gas and oxygen gas (5 to 10 mol %), the amorphous silicon
film may be formed using argon gas, and the silicon oxide
film may be formed using a mixture of argon gas and oxygen
gas (5 to 10 mol %).

Thereafter, the amorphous silicon film that may or may
not contain tin or nickel 1s patterned 1nto the form of 1slands
where a pMOSTFT and an nMOSTFT are to be formed (in
a stmilar manner as 1n the previous method in which the film
are formed by means of CVD). Gate channel regions, source
regions, and drain regions are then formed by means of 10n
implantation or 1on doping (in a similar manner as 1n the
previous method in which the film are formed by means of
CVD).

Thereafter, the amorphous silicon film that may or may
not contain tin or nickel 1s subjected to focused-light anneal-
ing. The focused-light annealing causes the amorphous
silicon film to be converted into a polycrystalline form and
also causes the n-type and/or p-type impurities doped by
means of 10n implantation or 1on doping to be activated such
that the gate channel regions, the source regions, and the
drain regions have optimum carrier impurity concentrations
(wherein the focused-light annealing may be performed 1n a
similar manner as described earlier). As in the previous
methods, the crystallization and the activation of 1ons may
be performed separately. For example, the activation of ions
may be performed by means of RTA separately from the
crystallization by means of focused-light annealing.

Thereafter, a silicon oxide film serving as a gate insulating,
film 1s formed. If desired, a silicon nitride film and a silicon
oxide film are successively deposited to form a gate 1nsu-
lating film having a multilayer structure. More specifically,
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a silicon oxide film with a thickness of 40 to 50 nm, a silicon
nitride film with a thickness of 10 to 20 nm, and a silicon
oxide film with a thickness of 40 to 50 nm are successively
deposited by means of catalytic CVD or the like (deposition
conditions are similar to those employed in the previous
methods).

The following processing steps are performed 1n a similar
manner as in the previous methods. The above-described
method using films formed by means of sputtering may also
be employed to produce a bottom-gate CMOSTFT and a
dual-gate CMOSTEFT that will be described later.

By performing formation of a low-crystal-quality silicon
film and focused-light annealing repeatedly as many times
as needed, i1t 1s possible to form a high-purnity large-grain
polycrystalline film having high crystal quality near to that
of monocrystalline silicon to a large thickness. Such a film
1s suitable for producing a CCD area/linear sensor, a bipolar
LSI, or a solar cell that need a thick film. More specifically,
such a thick film may be produced as follows. First, a
large-grain polycrystalline silicon film with a thickness of,
for example, 200 to 300 nm 1s formed via a first-time
focused-light annealing process. Thereafter, a low-crystal-
quality silicon film with a thickness of 200 to 300 nm 1s
formed thereon. Second-time focused-light annealing 1s then
performed. Crystallization occurs during the second-time
focused-light annealing 1n which the polycrystalline silicon
f1lm underlying the low-crystal-quality silicon film provides
a seed for crystallization, and thus a large-grain polycrys-
talline silicon film having a total thickness of 400 to 600 nm
1s formed. The above processing steps are performed repeat-
edly as many times as needed to form a large-grain poly-
crystalline silicon film as thick as on the order of a few
microns. Note that such a thick film also falls within the
scope of the polycrystalline thin silicon film according to the
present invention.

In the case of such a thick film formed by means of
repetition of deposition and annealing, an underlying large-
grain polycrystalline silicon layer provides crystal nuclei
(seeds) 1n the following focused-light annealing, and thus a
polycrystalline silicon layer thereon can have a greater grain
s1ze. As a result, in the resultant large-grain polycrystalline
thick silicon film, the crystal quality and the purity become
better and better from a lower layer to an upper layer to
levels near to those of monocrystalline silicon. Such thick
film 1s suitable for producing, not only a MOSLSI, but also
a wide variety ol devices that need a thick film on which
active and passive elements are formed, such as a CCD
area/linear sensor, a bipolar LSI, or a solar cell.

[ 1] In the case where focused-light annealing 1s performed
alter patterning into 1slands, processing may be performed
using any of the methods (1) to (4) described below.

(1) In a low-temperature process (A), an amorphous
silicon film covered with a multilayer of silicon oxide
(510, )/s1licon nitride (SiN, ) 1s patterned into 1slands. After
converting the amorphous silicon film into a polycrystalline
form by performing focused-light annealing, only the SiN_
f1lm 1s removed. Thereafter, a S10,, film or a multilayer film
of S10,/S1IN _ serving as a gate msulating {ilm 1s deposited.
Herein, the term “low-temperature process” 1s used to
describe a process performed on a structure including a
substrate made of low-melting glass such as borosilicate
glass or aluminosilicate glass. Note that the silicon nitride
film formed at a low temperature by means of plasma-
enhanced CVD or the like has a deviation from the ideal
composition of S1;N,, and thus such a silicon nitride film 1s

denoted by SiN_.




US 7,098,085 B2

33

(2) In a low-temperature process (B), an amorphous
silicon film covered with S10, (or SiN_) film 1s patterned
into the form of 1slands, and then the amorphous silicon film
1s converted into a polycrystalline form by performing
focused-light annealing. Thereafter, the S10, (or SiN_) film
1s removed, and a S10, film or a multilayer film of $S10,/
SIN /S10,, serving as a gate insulating film 1s deposited.

(3) In a low-temperature process (C), an amorphous
silicon film 1s patterned into the form of islands, and then
focused-light annealing 1s performed. Thereatfter, a S10,, film
or a multilayer film of S10,/S1N./S10, serving as a gate
insulating film 1s deposited.

(4) In a high-temperature process (A), an amorphous
silicon film 1s patterned into the form of i1slands, and then
focused-light annealing 1s performed. Thereafter, the surface
of the polycrystalline silicon film 1s oxidized by means of
high-temperature oxidation (at 1000° C. fir 30 min) thereby
forming a gate insulating film. Herein, the term “high-
temperature process” 1s used to describe a process per-
formed on a structure mcluding a substrate made of quartz
glass.

[II] In the case where focused-light annealing 1s per-
formed before patterming into 1slands, one of processes (1)
to (4) described below may be employed.

(1) In a low-temperature process (D), patterning into
islands 1s performed after completion of focused-light
annealing on an amorphous silicon film covered with a
multilayer film of S10,/S1N_ . Thereafter, only the SiN _ film
1s removed, and a S10,, film or a multilayer film of S10,/S1N_
serving as the gate insulating film 1s formed.

(2) In a low-temperature process (E), alter performing
focused-light annealing on an amorphous silicon film cov-
ered with a S10, (or SiN_) film, patterning into i1slands 1s
performed. Thereatter, the S10, (or SiN,) film 1s removed,
and a S10, film or a multilayer film of $S10,/SiN /S10,
serving as a gate msulating film 1s deposited.

(3) In a low-temperature process (F), after performing
focused-light annealing on an amorphous silicon film, pat-
terming nto 1slands 1s performed. Thereafter, a S10, film or
a multilayer film of S10,/S1N /S10, serving as a gate 1nsu-
lating film 1s deposited.

(4) In a high-temperature process (B), after performing
focused-light annealing on an amorphous silicon film, pat-
terming 1nto 1slands 1s performed. The polycrystalline silicon
film 1s then thermally oxidized at a lhigh temperature (at
1000° C. for 30 min) thereby forming a gate msulating film
(in this case, it 1s needed to use a substrate made of quartz
glass).

In both processes [I] and [II], when a low-temperature
process 1s used, S10, may be formed by catalytic CVD,
plasma-enhanced CVD, or TEOS-based plasma CVD, and
S1IN. may be formed by catalytic CVD or plasma-enhanced
CVD. When a high-temperature process 1s used, a high-
quality S10, film can be formed by thermally oxidizing
polycrystalline silicon at a high temperature as described
above. In this case, the polycrystalline silicon film should be
formed so as to have a suiliciently large thickness.

As can be seen from the above discussion, the present
embodiment provides great advantages (a) to (k) described
below.

(a) In the focused-light annealing, light emitted from a
lamp such as an ultra-high-pressure mercury lamp 1s focused
into a desired form, and the low-crystal-quality thin semi-
conductor film such as an amorphous silicon film 1s 1llumi-
nated with the focused light so as to heat the low-crystal-
quality thin semiconductor film into a melted or semi-melted
state or heat 1t while maintaining it 1n a non-melted state and
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then cool 1t thereby crystallizing 1t. That 1s, 1n this process,
high 1llumination energy applied to the low-crystal-quality
thin semiconductor film causes the low-crystal-quality thin
semiconductor film to be heated into a melted or semi-
melted state or heated while maintaining non-melted state,
and then the low-crystal-quality thin semiconductor film 1s
cooled thereby obtaining a monocrystalline semiconductor
f1lm or a large-grain polycrystalline semiconductor film such
as a monocrystalline or polycrystalline silicon film, having
a high carrier mobility and high quality. This techmique-
allows a great improvement in productivity and a great
reduction 1n cost.

(b) In the focused-light annealing according to the present
invention, because the zone melting recrystallization 1s
performed while continuously moving the melted zone, a
catalytic element such as N1 preincorporated to enhance the
crystallization and other impurities are segregated into the
melted zone and thus such a catalytic element or impurities
can be easily removed. Thus, no impurities remain 1n the
resultant annealed film. This makes it possible to easily
obtain a polycrystalline thin semiconductor film having
large grains, a high carrier mobility, and high quality. In
particular, if multiple zone melting recrystallization 1s per-
formed by sequentially performing melting and cooling
repeatedly using a plurality of focused light rays emitted
from a plurality of lamps, 1t 1s possible to obtain a poly-
crystalline thin semiconductor film having further greater
grains and higher quality. The high purity obtained by this
technique makes it possible to produce a device with high
stability and high reliability without degrading characteris-
tics of the semiconductor. Furthermore, in the focused-light
annealing techmque, the zone melting recrystallization or
multiple zone melting recrystallization 1s performed via a
simple process thereby allowing etlicient removal of a
catalytic element that has finished 1ts role in enhancing
crystallization and also allowing eflicient removal of other
impurities. This simplicity of the process allows a reduction
n cost.

(¢) The crystal grains 1n the polycrystalline silicon film are
aligned 1n a direction 1n which the focused light 1s scanned.
Therefore, 11 TEFTs are formed 1n this direction, mismatching
and stress at crystal grain boundaries are mimmized, and
thus the resultant polycrystalline thin silicon film has a high
mobility.

(d) If another low-crystal-quality silicon film 1s formed on
a polycrystalline silicon film crystallized by means of zone
melting recrystallization or multiple zone melting recrystal-
lization using the focused-light annealing technique, and 1f
crystallization 1s performed again using the focused-light
annealing process, a polycrystalline silicon film having large
grains, a high carrier mobility, and high crystal quality can
be formed to a greater thickness. By performing this process
repeatedly, a multilayer film with a large total thickness such
as on the order of a few microns can be obtained. This makes
it possible to produce not only a MOSLSI but also other
types of devices such as a bipolar LSI, a CMOS sensor, a
CCD area/linear sensors, and a solar cell, having high
performance and high quality.

(¢) Regardless of whether a UV lamp or an infrared lamp
1s used, light emitted from the lamp can be easily focused
into the form of a line, a rectangle, or a square, and the
focused light can be continuously applied. Furthermore, the
beam size and the scanning pitch can be arbitrarily set. The
high light intensity leads to increases in melting efliciency
and throughput, and thus a reduction 1n cost can be achieved.

(1) The lamp used 1n the focused-light annealing apparatus
can be easily controlled 1n terms of the wavelength, the light
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intensity, and the i1llumination time. Furthermore, the heat-
ing/melting rate and the cooling rate can be controlled by
controlling the speed at which a substrate or the lamp 1s
moved. By controlling those parameters, it 1s possible to
form a polycrystalline silicon film having a desired grain
s1ize and desired purity.

(g) The lamp used 1n the focused-light annealing appara-
tus 1s much more 1nexpensive than an excimer laser gen-
erator used 1n an excimer laser annealing apparatus, and thus
a great cost reduction can be achieved.

(h) In the conventional annealing process using a XeCl or
KrF excimer laser, a laser beam 1s outputted in the form of
pulses on the order of few nsec and the output 1s not stable.
The 1nstability 1n the laser beam output results 1n a vanation
in the energy distribution across a surface irradiated to the
laser beam. This results in a variation in quality of the
resultant crystallized semiconductor film and a varnation in
characteristic from TFT to TFT. One known technique to
avoid the above problems 1s to applying an excimer laser
pulse repeatedly as many times as, for example, 5 to 30
times while heating the film at a temperature of, for example,
400° C. However, even 1n this case, the variety 1n crystal
quality of the semiconductor film and the variety 1n device
characteristic from TFT to TF'T cannot be completely elimi-
nated. Besides, a reduction in throughput occurs, which
causes an increase 1n cost. In contrast, 1n the focused-light
annealing process, 1 particular in the annealing process
using an ultra-high-pressure mercury lamp, light with the
same wavelength as that of a XeCl excimer laser (with a
wavelength of 308 nm) can be continuously applied with a
small variation 1n i1llumination energy across the entire film
surface, and thus a resultant crystallized semiconductor film
has umiform characteristics and produced TFTs have small
variations in characteristics from device to device. Thus,
high throughput and high productivity are achieved, which
result 1 a reduction in cost.

(1) The focused-light annealing process can be used at a
low substrate temperature (200 to 400° C.). This makes 1t
possible to employ glass having a low strain point or a
heat-resistant resin as a substrate material, which allows
production of a large-sized substrate at low cost. Thus,
reductions 1 weight and cost can be achieved.

(1) In the case where a high-temperature-resistant sub-
strate made of quartz glass, crystallized glass, or the like 1s
used, a gate msulating film having high quality can be easily
formed using a simple process, and thus it 1s possible to
produce a high-performance semiconductor device at low
Cost.

(k) Not only a top-gate type but also other types of TFTSs
such as a bottom-gate type and dual-gate type MOSTEFTs can
be produced using a monocrystalline or polycrystalline
semiconductor film with a high carrier mobility formed by
the focused-light annealing technique. Thus, 1t becomes
possible to produce a high-speed high-current semiconduc-
tor device, an electro-optical device, and a high-efliciency
solar cell, using the high-performance semiconductor film.
Specific examples of devices that can be produced according
to the present embodiment include a silicon semiconductor
device, a silicon semiconductor integrated circuit, a silicon-
germanium semiconductor device, a silicon-germanium
semiconductor integrated circuit, a silicon carbide semicon-
ductor device, a silicon carbide semiconductor integrated
device, a polycrystalline diamond semiconductor device, a
polycrystalline diamond semiconductor itegrated circuit, a
compound semiconductor (such as GaAs) device, a com-
pound semiconductor (such as GaAs) itegrated circuit, a
liguid crystal display, a field emission display (FED), an
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(1norganic/organic) electroluminescence display, a light
emitting polymer display, a light emitting diode display, a
photosensor, a CCD area/liner sensor, a CMOS sensor, and
a solar cell.

Second Embodiment

First Example of a Process of Producing an LCD

In this second embodiment, the present invention 1s
applied to an LCD (liquid crystal display) using a polycrys-
talline silicon MOSTFT formed via a high-temperature
process. An example ol a sequence of processing steps of
producing an LCD 1s described below.

First, as shown i FIG. 10A, after forming an underlying
protective film 100 (not shown 1n the figures) by means of
catalytic CVD or the like on one principal surface of a
high-temperature-resistant insulating substrate 61 made of
quartz glass, crystallized glass, or the like (having a strain
point of 800 to 1100° C. and a thickness of 50 um to a few
mm) 1n a pixel area (shown on the left of FIG. 10A) and a
peripheral circuit area (shown on the right of FIG. 10A), a
low-crystal-quality silicon film 67A 1s formed by means of
catalytic CVD or the like on the underlying protective film
100. If needed, a silicon oxide film serving as a protective

film and also as a reflection reducing film 1s formed thereon
to a thickness of 10 to 30 nm.

Thereatter, as shown i FIG. 10B, the low-crystal-quality
silicon film 67A 1s subjected to focused-light annealing
thereby forming a polycrystalline silicon film 67 with a
thickness of 50 nm.

Thereafter, as shown 1n FIG. 10C., the silicon oxide film
for protection and retlection reduction 1s removed, and the
polycrystalline silicon film 67 1s patterned mto the form of
islands by means of a photolithographic process and an
etching process well known 1n the art so as to form active
layers of active devices such as a transistor and a diode and
active layers of passive devices such as a resistor, a capaci-
tor, and an inductor. Although the process described here-
inafter 1s concerned with a production of a TF'T, the process
may also be applied to production of other types of devices.

Thereatter, respective channel regions of the polycrystal-
line silicon film 67 are doped with impurities such as boron
or phosphorus by means of 1on implantation or 1on doping
in a stmilar manner as described earlier so as to control the
impurity concentrations thereof to values corresponding to
optimum V. Thereafter, as shown in FIG. 10D, a silicon
oxide film 68 serving as a gate insulating film with a
thickness of, for example, 50 nm 1s formed on the surface of
the polycrystalline silicon film 67 by means of catalytic
CVD or the like 1n a similar manner as described above. In
the case where catalytic CVD 1s employed to form the oxide
silicon film 68 serving as the gate insulating film, the
catalytic CVD process may be performed at a substrate
temperature and a catalytic element temperature similar to
those described earlier using oxygen gas supplied at a flow
rate of 1 to 2 SCCM, monosilane at a flow rate of 15 to 20
SCCM, and a hydrogen-based carrier gas at a flow rate of

150 SCCM.

Thereatfter, as shown 1n FIG. 10E, a material such as a
Mo—Ta alloy for gate electrodes and gate lines 1s deposited
by means of sputtering to a thickness of, for example, 400
nm. Alternatively, a phosphorus-doped polycrystalline sili-
con film may be deposited to a thickness of, for example,
400 nm by means of catalytic CVD or the like 1n a similar
manner as described earlier using a hydrogen-based carrier
gas supplied at a tlow rate of 150 SCCM, PH, at a tlow rate
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of 2 to 20 SCCM, and monosilane at a flow rate of 20
SCCM. Thereatter, a gate electrode 75 and a gate line are
formed by patterning the gate electrode layer by means of a
photolithographic process and an etching process that are
well known 1n the art. In the case where a phosphorus-doped
polycrystalline silicon film 1s employed, after removing the
photoresist mask, a silicon oxide film 1s formed on the
surface of the phosphorus-doped silicon film 75 by means of
catalytic CVD or the like.

Thereafter, as shown in FIG. 10F, the pMOSTF'T area 1s
covered with a photoresist 78, and an n-type impurity 79
such as arsenic (or phosphorus) 10ons 1s doped by means of
ion 1mplantation or 1on doping at a dose of, for example,
1x10" atoms/cm?®, thereby forming an n*-type source
region 80 and drain region 81 of an nMOSTFT such that the
resultant source and drain regions have a donor concentra-
tion of 2x10°” atoms/cc.

Thereafter, as shown 1n FIG. 10G, the nMOSTEFT area 1s
covered with a photoresist 82, and a p-type impurity 83 such
as boron 1ons 1s doped by means of 1on implantation or 10on
doping at a dose of, for example, 1x10'° atoms/cm?, thereby
forming a p*-type source region 84 and drain region 85 of
a pMOSTEF'T such that the resultant source and drain regions
have an acceptor concentration of 2x10°° atoms/cc. Anneal-
ing 1s then performed for 5 min at about 900° C. 1n a nitrogen
ambient thereby activating the impurity 1ons doped in the
respective regions so that the respective regions have desired
impurity (carrier) concentrations.

Thereafter, as shown 1n FIG. 10H, an interlayer insulating,
film 86 having a multilayer form consisting of a silicon
oxide film with a thickness of, for example, 100 nm, a
phosphosilicate glass (PSG) film with a thickness of, for
example, 400 nm, and a silicon mitride film with a thickness
of, for example, 200 nm, by means of catalytic CVD or the
like 1n a similar manner as described earlier, wherein the
silicon oxide film may be formed using He-diluted O,
supplied at a flow rate of 1 to 2 SCCM, silane at a flow rate
of 15 to 20 SCCM, and a hydrogen-based carrier gas
supplied at a flow rate of 150 SCCM that 1s also supplied
when the other layers are formed, the PSG film may be

formed using phosphine at a flow rate of 1 to 20 SCCM,
He-diluted O, at a flow rate of 1 to 2 SCCM, and silane at

a flow rate of 15 to 20 SCCM, and the silicon nitride film
may be formed using ammoma at a flow rate of 50 to 60
SCCM and silane at a tlow rate of 15 to 20 SCCM. Note that
the mterlayer insulating film may be formed using a diflerent
pProcess.

Thereafter, as shown 1n FIG. 101, contact holes are formed
in the msulating film 86, at predetermined locations, and an
clectrode material such as aluminum with a thickness of 1
um 1s deposited by means of sputtering or the like at 150° C.
so that the entire surface including the contact holes are
covered with the deposited electrode material. The deposited
clectrode matenal 1s then patterned so as to form a source
clectrode 87 of an nMOSTFT and a data line i the pixel
area, source electrodes 88 and 90, drain electrodes 89 and 91
of a pMOSTFT and an nMOSTFT, and interconnections 1n
the peripheral circuit area. In the above process, the depo-
sition of aluminum may be performed using a catalytic CVD
process.

An interlayer insulating film of silicon oxide or the like 92
1s then formed on the surface by means of, for example, a
CVD process. Thereafter, hydrogenation and sintering are
performed at 400° C. 1n an ambient of a forming gas for 30
min. Thereafter, as shown in FIG. 10J, a contact hole 1s
formed in the interlayer insulating films 92 and 86 at a
location corresponding to the drain region of the nMOSTFT
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in the pixel area, and a transparent electrode material such
as ['TO (Indium Tin Oxide, which 1s an 1ndium oxide doped
with tin) 1s deposited over the entire surface by means of
vacuum evaporation or the like. The transparent electrode
material 1s then patterned so as to form a transparent pixel
clectrode 93 connected to the drain region 81 of the
nMOSTFT 1n the pixel area. Therealter, a heat treatment 1s
performed (1n an ambient of a forming gas, at a temperature
of 200 to 250° C., for 1 hour) to reduce the contact resistance
and 1improve the transparency of the I'TO film.

Thus, an active matrix substrate (hereafter, also referred to
as a TF'T substrate) 1s obtained, and a transmissive LCD can
be produced using the obtained TFT substrate. As shown in
FIG. 10K, the transmissive LCD may be produced by
forming, on the pixel electrode 93, a multilayer structure
including an alignment film 94, a liquid crystal 95, an
alignment film 96, a transparent electrode 97, and an oppo-
site substrate 98.

The process described above may also be used to produce
a retlective LCD. FIG. 14A shows an example of a structure
of a reflective LCD. In this example shown 1n FIG. 14A, a
reflective film 101 1s deposited on an insulating film 92
having a roughened surface and 1s connected to a drain of a
MOSTET.

A liquid crystal cell of this LCD may be constructed 1n a
plane-to-plane fashion (that 1s suitable for a liquid crystal
panel with a middle/large size equal to or greater than 2
inches). In this case, polyimide alignment films 94 and 96
are formed on a TF'T substrate 61 and an opposite substrate
98 the surface of which 1s entirely covered with an ITO
(Indium Tin Oxide) electrode 97 such that the polyimide
alignment films are 1n contact with the surfaces on which
clements are formed. The polyimide films may be formed by
means of roll coating, spin coating, or the like to a thickness
of 50 to 100 nm and performing curing at 180° C. for 2
hours.

The TFT substrate 61 and the opposite substrate 98 are
then subjected to a rubbing process or an optical alignment
process. Cotton, rayon, or the like may be used as a rubbing
buil material. Cotton 1s more preferable in that 1t creates less
bufl dust and provides better retardation. In the optical
alignment process, liquid crystal molecules are aligned 1n a
non-contact fashion by irradiating them with a linearly
polarized ultraviolet ray. Instead of rubbing, an alignment
film may also be obtamned by applying a polarized or
non-polarized light ray at a slant angle thereby forming a
macromolecular alignment film (a specific example of a
macromolecular compound employable for this purpose 1s
polymethylmethacrylate).

Then, after cleaning, a common agent 1s coated on the
TFT substrate 61, and a sealing agent i1s coated on the
opposite substrate 98. The cleaning 1s performed using water
or 1sopropyl alcohol to remove rubbing dust. The common
agent may be acrylic, epoxy acrylate, or epoxy adhesive,
containing a conductive filler. The sealing agent may be
acrylic, epoxy acrylate, or epoxy adhesive. Curing may be
performed by means of heating, ultraviolet ray 1rradiation, or
ultraviolet ray 1rradiation plus heating. From the view point
of registration accuracy and productivity, ultraviolet ray
irradiation plus heating i1s desirable.

Then, after dispersing spacers for obtaining a gap on the
opposite substrate 98, the TEF'T substrate 61 and the opposite
substrate 98 are combined together. Relative positioning
between the opposite substrate 98 and the TEF'T substrate 61
1s performed by precisely aligning an alignment mark
formed on the opposite substrate 98 with respect to an
alignment mark formed on the TFT substrate 61. After that,
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the sealing agent 1s temporarily semi-cured by means of
ultraviolet ray irradiation and then fully cured by means of
heating.

Thereafter, scribing and separation are performed to
obtain a liquid crystal panel including the TFT substrate 61
and the opposite substrate 98.

A liquad crystal 95 is then injected 1nto a gap between the
two substrates 61 and 98. Thereafter, an injection hole 1s
sealed with an ultraviolet adhesive, and cleaning i1s per-
tormed using 1sopropyl alcohol. Although the liquid crystal
95 used herein may be of any type, a nematic liquid crystal
1s most widely used. When a nematic liquid crystal 1s used
in a TN (twist nematic) mode, high-speed response can be
achieved.

Thereafter, 1n order to align the liquid crystal 95, the
liquad crystal 95 1s heated and rapidly cooled.

Flexible wires are connected with panel terminals of the
TFT substrate 61 via an anisotropic conducting film by
means of thermo-compression bonding. Furthermore, a
polarizer 1s bonded to the opposite substrate 98.

In the case where a liquid crystal panel 1s constructed into
a single-plane structure (that 1s preferable for a liquid crystal
panel with a size smaller than 2 inches), after forming
polyimide alignment films 94 and 96 on the device-surtaces
of the TFT substrate 61 and the opposite substrate 98, both
substrates are subjected to rubbing or a non-contact align-
ment process using a linearly polarized ultraviolet ray.

Thereafter, the TFT substrate 61 and the opposite sub-
strate 98 are diced or scribed 1nto individual units of LCD
panels, and cleaning i1s performed using water or IPA. Then,
alter coating a common agent on the TF'T substrate 16 and
coating sealing agent containing spacers on the opposite
substrate 98, the TFT substrate 61 and the opposite substrate

98 are combined together. The following processing steps
are performed 1n a similar manner as described above.

In the LCD described above, a CF (color filter) substrate
including a color filter layer (not shown) disposed under the
I'TO electrode 97 1s used as the opposite substrate 98. In this
case, light incident on the side of the opposite substrate 98
1s reflected by the reflective film 93 with a high reflectance
and outputted to the outside from the side of the opposite
substrate 98.

In the case where an on-chip color filter (OCCEF) structure
1s employed, a color filter 1s disposed on the TFT substrate
61, and only the I'TO electrode (or an ITO electrode with a
black mask) 1s disposed on the opposite substrate 98 over its
entire surface.

In the case of a transmissive LCD, the LCD may be
produced into an on-chip color filter (OCCF) structure or an
on-chip black (OCB) structure as described below.

As shown 1n FIG. 10L, an additional window 1s formed in
the multilayer insulating film 86 consisting of phosphosili-
cate glass/silicon oxide, at a location corresponding to the
drain, and the window 1s filled with an embedded aluminum
drain electrode. After a photoresist 99 in which R, G, and B
pigments are dispersed in corresponding segments 1s coated
to a predetermined thickness (1 to 1.5 um), the photoresist
1s patterned so that only desired portions (corresponding to
the pixels) remain thereby forming color filter layers 99(R),
99((G), and 99(B) of respective colors (1in the form of on-chip
color filter). In the above processing step, a drain window 1s
also formed. In this type of LCD, an opaque substrate such
as a ceramic substrate, a low-transmaission glass substrate, or
a heat-resistant resin substrate cannot be employed.

Thereafter, a light shield layer 100" serving as a black
mask layer 1s formed by means of patterning a metal such
that an area including the contact hole communicating with
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the drain of the MOSTEFT 1n the display area and the color
filter layer in the peripheral area of the contact hole 1is
covered with the light shield layer 100'. More specifically,
the light shield layer 100' may be formed by depositing
molybdenum to a thickness of 200 to 250 nm by means of
sputtering and then patterning it such that only the areas to
be shielded from light are covered with the light shield layer
100"

Thereatter, a transparent resin film 92 for planarization 1s
formed, and a transparent I'TO electrode 93 1s formed on the
planarization film 92 such that the transparent ITO electrode
93 1s connected to the light shield layer 100" via a through-
hole formed 1n this planarization film 92.

By forming the color filter 99 and the black mask 100' 1n
the display array area, 1t becomes possible to improve the
aperture ratio of the liquid crystal panel and reduce the total
power consumption of the display module including a
backlight unait.

FIG. 11 schematically illustrates the overall structure of
an active matrix liquid crystal display (LCD) including
top-gate MOSTFTs described above and a driver circuit
integrated therewith. This active matrix LCD 1s constructed
into a tlat panel structure composed of a principal substrate
61 (serving as an active matrix substrate) and an opposite
substrate 98 that are bonded to each other via a spacer (not
shown), wherein a liquid crystal (not shown) 1s placed and
sealed between the two substrates 61 and 98. On the surface
of the principal substrate 61, there are disposed an array of
pixel electrodes 93, display units each including a switching
clement for driving a corresponding pixel electrode, and a
peripheral driver circuit connected to the display unaits.

The switching element of each display unit 1s constructed
by a top-gate type nMOSTFT, pMOSTFT or CMOSTEFT
with the LDD structure. The peripheral circuit may also be
constructed using top-gate type CMOSTFTs, nMOSTFTs, or
pMOSTEFTS, or a mixture of any of those. The peripheral
driver circuit includes a horizontal driver circuit and a
vertical driver circuit, which are generally disposed sepa-
rately on different sides, wherein the horizontal driver circuit
serves to supply a data signal and drive the MOSTFTs of
respective pixels from one horizontal line to the next, and
the vertical driver circuit serves to drive the gates of the
MOSTEFTs of the respective pixels from one scanning line to
the next. The driver circuit may be constructed so as to adapt
to either a pixel-to-pixel/analog scanning scheme or a line-
to-line/digital scanning scheme.

As shown i FIG. 12, the MOSTFTs are disposed at
intersections between the gate bus lines and the data bus
lines, wherein each gate bus line extends 1n a direction
perpendicular to a direction i which each data bus line
extends. Image information 1s written into liquid crystal
capacitors (C; ) via corresponding MOSTFTs and charges
are retained therein until next information 1s supplied. How-
ever, the channel resistance of MOSTETs 1s not high enough
to retain 1mage information to a sutlicient degree, and liquid
crystal voltage corresponding to the image information
decreases due to a leakage current. In order to reduce the
reduction in the liquid crystal voltage due to such a leakage
current, an additional storage capacitor (auxiliary capacitor)
C. may be disposed in parallel with the liquid crystal
capacitor. In the LCD, the required characteristic of the
MOSTFTs vary depending on whether they are used 1n the
pixels (display units) or the peripheral driver circuit. When
the MOSTFTs are used 1n pixels, it 1s required that the
MOSTFTs can control their off-current to a suthiciently low
level and can provide a large enough on-current. To meet the
above requirement, the MOSTFTs used in the display units
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are constructed to have an LDD structure that allows a
reduction 1n electric field between the gate and the drain and
thus a reduction in an eflective electric field applied to the
channel region, which results 1n a reduction 1n the ofl-
current. This also results i a reduction 1n a characteristic
variation. However, the LDD structure needs a complicated
process 1n production. Another problem 1s an increase in
device size. Besides, the available on-current becomes low.
Thus, it 1s required to make optimization depending on the
purpose.

Examples of liquid crystals usable herein include a TN
liquid crystal (nematic liquid crystal used 1n a TN mode 1n
the active matrix addressing scheme), STN (super twisted
nematic) liquid crystal, GH (guest-host) liquid crystal, PC
(phase change) liquid crystal, FLC (ferroelectric liquid crys-
tal), AFLC (antiferroelectric liquid crystal), and PDLC
(polymer-dispersed liquid crystal), wherein liquid crystals of
these types for use in various modes are available.

Second Example of a Process of Producing an LCD

A second example of a sequence of processing steps of
producing an LCD (Liquid Crystal Display) using a poly-
crystalline silicon MOSTFT formed via a low-temperature
process 1s described below (this sequence of processing
steps may also be used to produce an organic EL or FED that
will be described later).

In this example, mstead of the substrate 61 used 1n the first
example, a substrate made of aluminoborosilicate glass or
borosilicate glass 1s used, and the processing steps shown in
FIGS. 10A and 10B are performed. That 1s, a polycrystalline
silicon film 67 1s formed on the substrate 61 by means of
catalytic CVD and focused-light annealing, and the poly-
crystalline silicon film 67 1s patterned into the form of
1slands. Thereafter, an nMOSTFT 1s formed 1n a display area
and an nMOSTFT and a pMOSTFT are formed 1n a periph-
eral circuit area. In the above process, regions for other
clements such as a diode, a capacitor, an inductor, and a
resistor are also formed. As 1n the first example, the follow-
ing process described below 1s concerned with MOSTFTs,
the process described below may also be applied to produc-
tion of other elements.

Thereatfter, as shown in FIG. 13A, 1n order to control V ,
to a proper value by controlling the carrier impurity con-
centration of the gate channel region of each MOSTFT, an
nMOSTFT 1n the display area and an nMOSTFT 1n the
peripheral circuit area are covered with a photoresist 82, and
a dose of 1x10'* atoms/cm® of n-type impurity such as
phosphorus or arsenic 79 1s doped into a pMOSTFT area in
the peripheral circuit area by means of 1on implantation or
ion doping so that the doped portion has a donor concen-
tration of 2x10'’ atoms/cc. Thereafter, as shown in FIG.
13B, the pMOSTFT area in the peripheral circuit area 1s
covered with a photoresist 82, and the nMOSTFT area 1n the
display area and the nMOSTF'T area 1n the peripheral circuit
area are doped with a p-type impurity 83 such as boron at a
dose of 5x10'" atoms/cm* by means of ion implantation or
ion doping such that the these regions have an acceptor
concentration of 1x10"” atoms/cc.

Thereafter, as shown 1n FIG. 13C, 1n order to improve the
switching performance, an n -type LDD (Lightly Doped
Drain) portion 1s formed in the nMOSTFT as described
below. Using a photolithographic process well known 1n the
art, the gate region of the nMOSTFT in the display area and
the whole pMOSTEFT area and the whose nMOSTFT area in
the peripheral circuit area are covered with a photoresist 82,
and the exposed source/drain regions in the display area are
doped with an n-type impurity 79 such as phosphorus by
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means of ion implantation or ion doping at a dose of 1x10"°
atoms/cm” such that the doped regions have a donor con-
centration of 2x10"® atoms/cc thereby forming the n™-type
L.DD portion.

Thereatfter, as shown 1n FIG. 13D, the entire nMOSTFT

area 1n the display area and the entire nMOSTFT area 1n the
peripheral circuit area are covered with a photoresist 82 and
the gate region of the pMOSTFT in the peripheral circuit
area 1s also covered with the photoresist 82. The source/
drain regions exposed without being covered with the pho-
toresist 82 are doped with a p-type impurity 83 such as boron
at a dose of 1x10"> atoms/cm? by means of ion implantation
or ion doping, thereby forming a p™-type source region 84
and drain region 85 with an acceptor concentration of
2x10°° atoms/cc.
Thereatter, as shown in FIG. 13E, the pMOSTFT area 1n
the peripheral circuit area 1s covered with a photoresist 82
and the gate region and the LDD portion of the nMOSTFT
in the display area and the gate region of the nMOSTFT 1n
the peripheral circuit area are also covered with the photo-
resist 82. The exposed source/drain regions of the nMOST-
FTs 1n the display area and peripheral circuit area are doped
with an n-type impurity 79 such as phosphorus or arsenic by
means of ion implantation or ion doping at a dose of 1x10"
atoms/cm”, thereby forming an n*-type source region 80 and
drain region 81 with a donor concentration of 2x10°°
atoms/cc.

Thereafter, as shown in FIG. 13F, a multilayer film
serving as a gate mnsulating film 68 consisting of a silicon
oxide layer with a thickness of 40 to 50 nm, a silicon nitride
layer with a thickness of 10 to 20 nm, and a silicon oxide
layer with a thickness o1 40 to 50 nm 1s formed by means of
plasma-enhanced CVD, reduced-pressure CVD, or catalytic
CVD. RTA processing 1s then performed using a halogen
lamp or the like at about 1000° C. for 10 to 20 sec thereby
activating the doped n-type and p-type impurities such that
the doped regions have desired carrier concentrations.

Thereatter, a film of aluminum contaiming 1% silicon 1s
formed to a thickness of 400 to 500 nm over the entire
surface by means of sputtering. The film 1s then patterned by
means a photolithographic process and an etching process
well known 1n the art so as to form a gate electrode 75 of
cach MOSTFT and to form gate lines. Thereafter, a multi-
layer insulating film 86 consisting of a silicon oxide layer
with a thickness of 100 to 200 nm and a phosphosilicate
glass (PSG) layer with a thuickness of 200 to 300 nm 1s
formed by means of plasma-enhanced CVD, catalytic CVD,
or the like.

Thereatter, by means of a photolithographic process and
an etching process well known 1n the art, windows are
formed at locations corresponding to the source/drain
regions of all MOSTFTs 1n the peripheral circuit area and the
source region of the nMOSTFT 1n the display area. In this
process, the silicon mitride film may be plasma-etched using
CF,, and the silicon oxide film and the phosphosilicate glass
film may be etched using a hydrofluoric acid-based etchant.

Thereafter, as shown 1n FIG. 13G, a film of aluminum
containing 1% silicon 1s formed to a thickness o1 400 to 500
nm over the entire surface by means of sputtering. Then, by
means of a photolithographic process and an etching pro-
cess, source/drain regions 88, 89, 90, and 91 of all MOST-
FTs 1n the peripheral circuit area, the source electrode 87 of
the nMOSTEFT 1n the display area, and data lines are formed.

Thereatter, although not shown in the figure, a silicon
oxide film with a thickness of 100 to 200 nm, a phospho-
silicate glass (PSG) film with a thickness of 200 to 300 nm,
a silicon nitride film with a thickness of 100 to 300 nm are
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tormed over the entire surface by means of plasma-enhanced
CVD, reduced-pressure CVD, or analytic CVD. Hydroge-
nation and sintering are then performed in an ambient of a
forming gas at about 400° C. for 1 hour. A contact hole for
the drain region of the nMOSTFT 1n the display area 1s then
formed.

In the above process, 1n the case where the passivation
s1licon nitride film containing a large amount of hydrogen 1s
formed to a thickness of 3500 to 600 nm by means of
plasma-enhanced CVD, if hydrogenation 1s performed in an
ambient of nitrogen or a forming gas at 420° C. for 30 min,
then hydrogen 1s diffused in the passivation silicon nitride
film and thus interface characteristics are improved, and the
crystal quality of the polycrystalline silicon film 1s improved
because the dangling bonds are bound with hydrogen. As a
result, an 1increase 1n carrier mobility 1s achieved. The silicon
nitride film can act as a block against hydrogen. Therelfore,
the effects of hydrogenation can be enhanced by sandwich-
ing the polycrystalline silicon film between silicon nitride
films thereby confining hydrogen between the silicon nitride
films as 1s the case 1n the present embodiment. More
specifically, 1t 1s preferable that films be formed into a
multilayer structure consisting of a glass substrate/a silicon
nitride film for blocking Na 10ns and for protection+a silicon
oxide film/a polycrystalline silicon film/a gate insulating
film (silicon oxide film)/gate electrode/a silicon oxide film
and a silicon nitride {ilm for passivation (this structure 1s also
desirable 1n other embodiments). In this structure, when
hydrogenation 1s performed, the aluminum alloy film con-
taining 1% silicon and silicon in the source/drain regions are
sintered at the same time, and ohmic contacts are formed.

In the case where the LCD 1s of the transmissive type, the
silicon oxide film, the phosphosilicate glass film, and the
s1licon nitride film 1n the pixel window area are removed. In
the case where the LCD 1s of the reflective type, the silicon
oxide film, the phosphosilicate glass film, and the silicon
nitride film 1n the pixel window area are not needed to be
removed (this 1s also true 1n the LCDs described elsewhere).

In the case of a transmissive LCD, as shown 1n FIG. 10J,
a transparent acrylic resin film for planarization 1s formed to
a thickness of 2 to 3 um by means of a spin coating
technique, and a window 1s formed 1n the transparent resin
f1lm at a location corresponding to the drain of the MOSTFT
in the display area by means of a photolithographic process
and an etching process well known 1n the art. An I'TO film
with a thickness of 130 to 150 nm 1s then formed on the
entire surface by means of sputtering. Thereafter, by means
ol a photolithographic process and an etching process well
known 1n the art, the I'TO film 1s patterned so as to form a
transparent I'TO electrode connected to the drain of the
nMOSTEFT 1n the display area. Thereaiter, a heat treatment
1s performed (in an ambient of a forming gas at a tempera-
ture 200 to 250° C. for 1 hour) thereby reducing the contact
resistance and increasing the transparency of the ITO film.

In the case of the LCD 1s of the reflective type, a
photosensitive resin film with a thickness of 2 to 3 um 1s
formed on the entire surface by means of a spin coating
technique. Thereafter, by means of a photolithographic
process and an etching process well known 1n the art, a
pattern including alternately raised and recessed steps i1s
formed at least 1n the pixel area. Reflowing 1s then per-
formed thereby forming a lower alternately-raised-and-re-
cessed step retlector. At the same time, a window 1s formed
in the photosensitive resin film at a location corresponding
to the drain of the nMOSTFT 1n the display area. Thereatter,
a film of aluminum containing 1% silicon 1s formed to a
thickness of 300 to 400 nm over the entire surface by means
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of sputtering. Using a photolithographic process and an
etching process well known 1n the art, the aluminum film 1s
removed except for the pixel area, thereby forming a alter-
nately-raised-and-recessed aluminum reflector connected to
the drain electrode of the nMOSTFT in the display area.
Thereatter, sintering 1s performed 1n an ambient of a forming
gas at 300° C. for 1 hour.

In the above process, 11 focused-light annealing 1s per-
formed after forming the source/drain regions of nMOST-
FTs, the film temperature of the low-crystal-quality silicon
film 1s locally increased, and thus crystallization 1s
enhanced. As a result, a high-quality polycrystalline silicon
film exhibiting a high carrier mobility can be obtained. In
this case, impurities such as phosphorus, arsenic, or boron
doped 1n the gate channel regions, the source regions, and
the drain regions are activated, and thus the productivity 1s
improved.

Bottom-Gate MOSTFT and Dual-Gate MOSTET

In the LCD or other devices including the top-gate
MOSTEFT, the top-gate MOSTFT may be replaced with a
bottom-gate MOSTF'T or a dual-gate MOSTFT. A specific
example of a transmissive LCD including such a type
MOSTEFT 1s described below (a reflective LCD including
such a type MOSTFT may also be produced).

In the example shown 1n FIG. 14B, bottom-gate nMOST-
FTs are formed 1n the display area and the peripheral circuit
area. In the example shown 1n FIG. 14C, dual-gate nMOST-
FTs are formed 1n the display area and the peripheral circuit
area. If MOSTFTs are formed into the dual-gate type, the
presence of upper and lower gates results 1n an increase in
the driving ability, which allows an increase in switching
speed. IT desired, one of the upper and lower gates of a
dual-gate MOSTFT may be selectively used such that the
MOSTEFT acts as a top-gate or bottom-gate MOSTFT.

In the bottom-gate MOSTFT shown in FIG. 14B, refer-
ence numeral 102 denotes a gate electrode made of a
heat-resistant material such as a Mo—Ta alloy. Reference
numeral 103 denotes a silicon nitride film, and reference
numeral 104 denotes a silicon oxide film, which form a
bottom-gate msulating film. On the gate insulating film, a
channel region 1s formed using a polycrystalline silicon film
67 similar to that used in the top-gate MOSTFT. In the
dual-gate MOSTFT shown in FIG. 14C, the bottom-gate
portion 1s formed 1n a similar fashion to the bottom-gate
MOSTFT. The top-gate portion 1s constructed by forming a
gate msulating film 106 consisting of a silicon oxide film and
a silicon nitride film and forming a top-gate electrode 75
thereon.

Production of a Bottom-Gate MOSTFT

First, a film of a heat-resistant material such as a Mo—Ta
alloy 1s formed to thickness of 300 to 400 nm on the entire
surface of a glass substrate 61 by means of sputtering. The
film 1s then taper-etched at an angle of 20 to 45°, by means
ol a photolithographic process and an etching process well
known 1n the art, so as to form a bottom-gate electrode 102
at least 1n an area where a TF'T 1s to be formed and form a
gate line. The glass material of the substrate 61 1s selected
in a similar manner to the top-gate MOSTFT described
above.

Thereatter, a silicon nitride film 103 and a silicon oxide
film 104 serving as a gate insulating film and a protective
film and an amorphous/microcrystalline silicon film 67A
that may or may not tin are formed by means of vapor
deposition such as plasma-enhanced CVD, catalytic CVD,
or reduced-pressure CVD. Then, focused-light annealing 1s
performed to convert the amorphous/microcrystalline film
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67A 1nto a polycrystalline silicon film 67. In the above
process, the vapor deposition conditions may be similar to
those employed for the top-gate MOSTFT descried above.
The silicon mitride film serving as the bottom-gate insulating
film and as the protective film prevents intrusion of Na 10ns
into the gate region from the glass substrate. When a
substrate made of quartz glass 1s used, the silicon nitride film
1s not necessarily needed.

Thereafter, in a similar manner 1n the previous examples
described above, 1slands for pMOSTFT and nMOSTFT
regions are formed by means of a photolithographic process
and an etching process well known 1n the art (only one 1sland
i1s shown 1n the figure). Thereafter, an n-type or p-type
impurity 1s doped by means of ion implantation or 1on
doping at a proper dose such that each channel region has an
impurity concentration corresponding to an optimum value
of V. Furthermore, n-type or p-type impurity 1s doped into
source/drain regions of respective MOSTFTs by means of
ion 1mplantation or 10on doping at a proper dose. Annealing
for activating the impurities 1s then performed by means of
RTA or the like.

The following processing steps are performed 1n a similar
manner as 1n the previous examples described above.

Production of a Dual-Gate MOSTFT

In a similar manner as in the bottom-gate MOSTFT, a
bottom-gate electrode 102, bottom-gate insulating films 103
and 104, and a film 67 of polycrystalline silicon that may or
may not include tin are formed. However, the silicon nitride
f1lm 103 serving as the bottom-gate insulating film and as the
protective film for preventing intrusion of Na 1ons from the
glass substrate 1s not necessarily needed 1f the substrate 1s
made of synthesis quartz glass.

Thereafter, as 1n the previous examples described above,
1slands for pMOSTFT and nMOSTFT regions are formed by
means of a photolithographic process and an etching process
well known in the art. Thereafter, an n-type or p-type
impurity 1s doped by means of ion implantation or ion
doping at a proper dose such that each channel region has an
impurity concentration corresponding to an optimum value
of V,, . Furthermore, n-type or p-type impurity 1s doped 1nto
source/drain regions of respective MOSTFTs by means of
ion 1mplantation or 1on doping at a proper dose. Annealing
for activating the impurities 1s then performed by means of

RTA or the like.

Thereatter, a silicon oxide film and a silicon nitride film
1s deposited thereby forming a top-gate mnsulating film 106.
In the above process, vapor deposition conditions may be
similar to those employed in production of the top-gate

MOSTEFT.

Thereafter, a film of aluminum containing 1% silicon 1s
formed to a thickness of 400 to 500 nm over the entire
surface by means of sputtering. The film 1s then patterned by
means a photolithographic process and an etching process
well known 1n the art so as to form a gate electrode 75 of
cach MOSTFT and to form gate lines. Thereafter, a multi-
layer insulating film 86 consisting of a silicon oxide layer
with a thickness of 100 to 200 nm, a phosphosilicate glass
(PSG) layer with a thickness of 200 to 300 nm, and a silicon
nitride layer with a thickness of 100 to 200 nm 1s formed by
means of plasma-enhanced CVD, catalytic CVD, or the like.
Thereatter, by means of a photolithographic process and an
etching process well known 1n the art, windows are formed
in the multilayer insulating film 86 at locations correspond-
ing to the source/drain electrodes of each MOSTET in the
peripheral circuit area and the source electrode of the

nMOSTFT 1n the display area.
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Thereatter, a film of aluminum containing 1% silicon 1s
formed to a thickness of 400 to 500 nm over the entire
surface by means of sputtering. Furthermore, by means of a

photolithographic process and an etching process well
known 1n the art, aluminum source/drain electrodes 87 and
88 of each MOSTFT in the pernipheral circuit area, an
aluminum electrode 89 of the nMOSTEFT 1n the display area,
a source line, and an interconnection are formed. Thereafter,

hydrogenation and sintering are performed 1n an ambient of
a forming gas at about 400° C. for 1 hour.

In the present embodiment as 1n the first embodiment, by
using a vapor deposition process such as catalytic CVD or
plasma-enhanced CVD and the focused-light annealing pro-
cess, 1t 1s possible to easily produce a low-resistance poly-
crystalline silicon film for forming a gate channel region, a
source region, and a drain region of a MOSTFT used 1n a
display umit or a peripheral driver circuit, wherein the low
resistance of the polycrystalline silicon film allows a high-
speed operation. A liquid crystal display can be produced
using MOSTFTs of the top-gate, bottom-gate, or dual-gate
type, formed using the above polycrystalline silicon film,
wherein a display unit including an LDD-MOSTFT having
a high switching performance and having low leakage and
other peripheral circuits including a high-performance
driver circuit, a video signal processing circuit, and a
memory can be integrated on a single substrate. Thus, 1t 1s
possible to produce a high-performance low-cost liquid
crystal panel having a narrow frame and being capable of
displaying a high-precision and high-quality image.

Because polycrystalline silicon films and MOSTEFTs
using such a polycrystalline silicon film according to the
present embodiment can be performed at a low temperature
(300 to 400° C.), low strain point glass can be used as a
material of a substrate. This makes 1t possible to use an
inexpensive substrate having a large size, and thus a reduc-
tion 1n cost can be achieved. Furthermore, by forming a
color filter and a black mask 1n the pixel array area, 1t 1s
possible to improve the aperture ratio and the brightness of
the liguid crystal panel. In this case, an additional color filter
becomes unnecessary, and thus an improvement in produc-
tivity and a further reduction in cost can be achieved.

Third Example of a Process of Producing an LCD

Another example of a sequence of processing steps of

producing an active matrix LCD 1s described below with
reference to FIGS. 15 to 17.

First, as shown i FIG. 15A, a photoresist having a
predetermined pattern 1s formed, at least in areas where
TFTs are to be formed, on one principal surface of an
insulating substrate 61 made of borosilicate glass, alumino-
silicate glass, quartz glass, or transparent crystallized glass.
Using this photoresist as a mask, the substrate 61 1s bom-
barded with F* 1ons in a CF, plasma thereby reactive-ion-
ctching the substrate 61 so as to form a plurality of recessed
portions with a proper size and shape having steps 223.

The steps 223 will serve as seeds 1n graphoepitaxial
growth of monocrystalline silicon as will be described later.
The steps 223 may be formed such that the depth d 1s 0.01
to 0.03 um, the width w 1s 1 to 5 um, and the length (in a
direction normal to the drawing sheet) 1s 5 to 10 um and such
that angles (basic angles) between the side walls and the
bottom face 1s equal to 90°. To prevent intrusion of Na ions
or the like from the glass substrate, a multilayer film
consisting of a silicon nitride layer with a thickness of 50 to
200 nm and a silicon oxide film with a thickness of 300 to
400 nm may be formed on the surface of the substrate 1



US 7,098,085 B2

47

before the above etching process, and the plurality of steps
may be formed 1n the silicon oxide layer.

Then, after removing the photoresist, a low-crystal-qual-
ity silicon film 67 A that may or may not contain tin or nickel
1s formed to a thickness of, for example, 100 nm over the
entire one principal surface, including the steps 223, of the
insulating substrate 61 by means of catalytic CVD, plasma
CVD, or the like, as shown 1n FIG. 15B.

Thereafter, as shown in FIG. 15C, the low-crystal-quality
thin silicon film 67 A 1s illuminated with a focused light ray
210 so as to melt the low-crystal-quality thin silicon film
67 A from region to region. When a melted region self-cools
down, monocrystalline silicon graphoepitaxially grows from
the lower edges of the recessed portions 223 acting as seeds
for growth, thereby forming a monocrystalline thin film 67
not only 1n the recessed portions but also 1n areas outside the
recessed portions. If desired, the step of forming a low-
crystal-quality thin semiconductor film and the step of
performing a focused-light annealing may be performed
repeatedly to form monocrystalline semiconductor layers in
a layer-on-layer fashion thereby forming a monocrystalline
semiconductor {ilm having a total thickness of the order of
a few microns (film having such a large total thickness may
also be formed i a similar manner 1n the examples
described below).

In the graphoepitaxial growth, a monocrystalline thin
silicon film 67 grows, for example, 1n a <100> direction. In
the graphoepitaxial growth process, a step 223 acts as a seed
that enhances growth of monocrystalline silicon when high
energy 1s applied via focused-light 1llumination, and thus the
resultant monocrystalline thin silicon film 67 has high
crystallinity (with a thickness of about 50 nm). More spe-
cifically, 11 there 1s a vertical wall such as a step 223 on an
amorphous substrate (glass) 61 as shown 1n FIG. 16B, the
vertical wall forces crystal growth to occur such that the
grown crystal has a (100)-surface along the step 223. In
contrast, when there 1s no steps on an amorphous substrate
(glass) 61, crystal growth occurs in random directions as
shown 1 FIG. 16 A. By changing the shape of the step 1n
various ways as shown 1n FIGS. 17A to 17F, it 1s possible to
control the growth direction of the grown layer. When a
MOS transistor 1s produced, the (100)-surface 1s generally
employed. The step 223 may be formed such that the angle
(basic angle) at the lower edge may be 90° or such that the
wall of the step may be slanted inward or outward so that the
orientation of the wall allows crystal growth to occur 1n a
desired particular direction. In general, 1t 1s desirable that the
basic angle of the step 223 be 90° or smaller than 90°.
Furthermore, it 1s desirable that the bottom edge of the step
223 1s slightly rounded.

After forming the monocrystalline thin silicon film 67 on
the substrate 61 by means of graphoepitaxial growth during
the focused-light annealing process, a top-gate MOSTET 1s
produced using the monocrystalline thin silicon film 67 with
a thickness of 50 nm as an active layer, in a similar manner
as described earlier.

The substrate 61 may be formed of a heat-resistant resin
such as polyimide. In this case, steps 223 with a desired
shape and size are formed in areas where TFTs are to be
formed, and the production process 1s performed 1n a similar
manner as descried above. More specifically, for example, a
polyimide substrate with a thickness of 100 um 1s stamped
with a stamping die having a protrusion with a height of 0.03
to 0.05 um, a width of 5 um, and a length of 10 um thereby
forming a recess having a shape and size corresponding to
the protrusion of the die. Alternatively, a film of a heat-
resistant material such as polyimide with a thickness of 5 to
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10 um 1s formed on a metal plate such as a stainless steel
plate serving as a reinforcing member, by means of coating,
screen printing, or the like. The film 1s then stamped with a
die having a desired protrusion having a size of, for example,
0.03 to 0.05 um 1n height, 5 um 1n width, and 10 uym 1n
length, thereby forming a recess having a size and shape
corresponding to the protrusion of the die, at least in an area

where a TFT 1s to be formed. After that, a monocrystalline
thin silicon film and then a MOSTFT are produced in a

similar as described earlier.

In the present embodiment, as described above, after
forming a recess with a step 223 having a desired shape and
s1ze on a substrate 61, a monocrystalline thin silicon film 67
1s formed by means of graphoepitaxial growth that occurs
using the step 223 as a crystal growth seed during a
focused-light annealing process. The resultant monocrystal-
line thin silicon film 67 has a high carrier mobility, and thus
it 1s possible to produce a high-performance circuit such as
a driver circuit, a video processing circuit, or a memory,

using the monocrystalline thin silicon film 67, 1n an inte-
grated fashion on an LCD.

Fourth Example of a Process of Producing an LCD

Another example of a sequence of processing steps of
producing an active matrix LCD 1s described below with
reference to FIGS. 18A to 18C.

First, as shown 1n FIG. 18A, a crystalline thin sapphire
f1lm 224 well lattice-matched with monocrystalline silicon 1s
formed to a thickness of 10 to 200 nm on one principal
surface of an msulating substrate 61, at least in an area where
a 'TFT 1s to be formed. The crystalline thin sapphire film 224
may be formed, for example, by oxidizing trymethyl alu-
minum gas or the like by an oxidizing gas (oxygen or water)
by means of high-density plasma CVD, catalytic CVD, or
the like. The insulating substrate 61 may be of quartz glass,
crystallized glass, borosilicate glass, aluminosilicate glass,
or the like.

Thereatter, as shown in FIG. 18B, a low-crystal-quality
silicon film 67A 1s formed to a thickness of, for example,

100 nm on the crystalline thin sapphire film 224, by means
of catalytic CVD, plasma-enhanced CVD, or the like.

Thereatter, as shown 1n FIG. 18C, focused-light annealing
1s performed by illuminating the low-crystal-quality thin
silicon film 67A with a focused-light ray 210, so to melt and
then slowly cool the low-crystal-quality thin silicon film
67A so that heteroepitaxial growth occurs using the crys-
talline thin sapphire film 224 as a growth seed thereby
obtaining a monocrystalline thin silicon film 67. Because the
crystalline sapphire film 224 1s well lattice-matched with
monocrystalline silicon, the crystalline sapphire film 224
can act as a growth seed, and thus monocrystalline silicon
with a (100)-surface can heteroepitaxially grow during the
focused-light annealing process. In the above process, if,
alter forming a step similar to the above-described step 223,
the crystalline thin sapphire film 224 1s formed, then the
graphoepitaxial effect provided by the step 223 1s added to
the heteroepitaxial process, and a monocrystalline thin sili-
con film 67 having still higher crystallinity can be obtained.
If desired, the step of forming a low-crystal-quality thin
semiconductor film and the step of performing a focused-
light annealing may be performed repeatedly.

After forming the monocrystalline thin silicon film 67 on
the substrate 61 by means ol heteroepitaxy during the
focused-light annealing process, a MOSTFT of, {for
example, top-gate type 1s produced using the monocrystal-
line thin silicon film 67 (with a thickness of about 50 nm) 1n
a similar manner as descried above.
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According to the present embodiment, as described
above, 1t 1s possible to obtain a monocrystalline thin silicon
film 67 having a high carrier mobility by heteroepitaxially
growing monocrystalline silicon on a monocrystalline thin
sapphire film 224, serving as a growth seed, formed on a
substrate 61 via a melting and slow cooling process during
focused-light annealing. Furthermore, 1t 1s possible to pro-
duce a high-performance circuit such as a driver circuit, a
video signal processing circuit, or a memory, 1n an integrated

fashion on an LCD.

The crystalline thin sapphire film 224 can act as a diflu-
sion barrier layer against various kinds of atoms. This
prevents diffusion of impurities from the glass substrate 61.
Because the crystalline thin sapphire film 1s capable of
blocking Na 1ons, at least the silicon nitride film of the
protective films 1s not necessarily needed 11 the crystalline
sapphire film has a sufliciently large thickness.

Instead of the crystalline sapphire film, another similar
film may be used. Specific examples of materials for such a
film include a material having a spinel structure, calcium
fluoride, strontium fluoride, bartum fluoride, boron phos-
phide, yttrium oxide, and zirconium oxide. The film may be
formed of one or more materials selected from the above-
described matenals.

Third E

Embodiment

In this third embodiment, the present invention 1s applied
to an organic or mnorganic electroluminescence (EL) display.
An example of a structure of such a display and an example
of a sequence ol production steps are described below.
Although the MOSTFT 1s assumed to be of the top-gate type
in the examples described below, the other types of MOST-
FTs such as the bottom-gate type or the dual-gate type are
also possible.

First Example of Structure of an Organic EL Device

FIGS. 19A and 19B illustrate a first example of the
structure of an organic EL device. In this structure, a
high-crystallinity large-grain polycrystalline silicon film (al-
though a monocrystalline film 1s employed herein by way of
example and also in the following examples, a monocrys-
talline silicon film may also be employed) 1s formed on a
substrate 111 such as a glass substrate, and gate channel
regions 117, source regions 120, and drain regions 121 of a
switching MOSTFT-1 and a current driving MOSTET-2 are
formed 1n the polycrystalline silicon film. Furthermore, gate
clectrodes 115 are formed on the gate msulating films 118,
and source electrodes 127 and drain electrodes 128 and 131
are formed on the source and drain regions. The drain of the
MOSTFT-1 and the gate of the MOSTFT-2 are connected to
cach other via the drain electrode 128, and a capacitor C 1s
formed between the drain of the MOSTFT-1 and the source
clectrode 127 of the MOSTF'T-2 via an insulating {ilm 136.
The drain electrode 131 of the MOSTFT-2 extends so as to
be connected with the cathode 138 of the organic EL device.
In order to improve the switching characteristic, an LDD
portion may be formed in the switching MOSTFT-1.

Each MOSTEFT i1s covered with an insulating film 130. A
green light emitting organic layer 132 (or a blue light
emitting organic layer 133 or a red light emitting organic
layer not shown in the figure) of the organic EL device 1s
formed on the insulating film 130 such that the cathode is
covered with the green light emitting organic layer 132. An
anode (first layer) 134 1s formed such that the light emitting
organic layer 1s covered with the anode. Furthermore, a
common anode (second layer) 135 1s formed over the entire
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surface. A peripheral driver circuit, a video signal processing
circuit, and a memory are formed using CMOSTs 1n a
similar manner as in the liquid crystal display described
above (such circuits may also be formed 1n the examples
described below).

In this structure, the organic EL layer in the organic E
display portion 1s connected to the drain of the current
driving MOSTFT-2, and the cathode (L1i—Al Mg—Ag, or
the like) 138 1s deposited on the surface of the substrate 111,
and the anodes (ITO films) 134 and 133 are formed thereon.
Thus, 1n this structure, light 136 1s emitted from the upper
side. In the case where MOSTFTs are covered with the
cathode, a large light emitting area can be achieved. In this
case, the cathode serves as a light shield film that prevents
emitted light from being incident on the MOSTFTs thereby
ensuring that the leakage current 1s suppressed to a very low
level and no degradation in characteristics of TFTs occurs.

By forming a black mask (chromium, chromium dioxide,
or the like) 140 1n a peripheral area of each pixel as shown
in FIG. 19C, 1t 1s possible to prevent undesirable leakage of
light (crosstalk), and high contrast can be obtained.

A full-color organic EL display can be realized by form-
ing three-color light emitting layers, that 1s, green light
emitting layers, blue light emitting layers, and red light
emitting layers, 1n the pixel areas, or using a color conver-
s10on layer, or combining a color filter with a white color light
emitting layer. The light emitting matenials of respective
colors may also be formed by spin-coating a macromolecus-
lar compound or vacuum-evaporating a metal complex. Also
in this case, a full-color organic EL part having high
reliability, high quality, ligh precision, and a long life time
can be produced 1n a highly productive fashion, and thus a
reduction 1 cost can be achieved (this 1s also true 1n the
examples described below).

An example of a sequence of processing steps of produc-
ing the organic EL device 1s described below. First, as shown
in FIG. 20A, after forming source regions 120, channel
regions 117, and drain regions 121 using a polycrystalline
silicon film formed via the above-descried processing steps,
a gate insulating film 118 1s formed, and gate electrodes 115
of a MOSTFT-1 and a MOSTFT-2 are formed thereon by
sputtering a Mo—Ta alloy or the like 1n conjunction with a
photolithographic process and an etching process well
known 1n the art. A gate line connected to the gate electrode
of the MOSTFT-1 1s formed by means of sputtering in
conjunction with a photolithographic process and an etching
process well known 1n the art (this processing step may also
be employed in the examples described below). Thereatter,
an overcoat film (such as a silicon oxide film) 137 1s formed
by means of a vapor deposition technique such as catalytic
CVD (this processing step may also be employed in the
examples described below). A source electrode 127 of the
MOSTFT-2 and a ground line are then formed. Furthermore,
an overcoat film (multilayer film of silicon oxide/silicon
nitride) 136 1s formed, and the n-type or p-type impurity
doped by means of 10n doping 1s activated by performing an
RTA (Rapid Thermal Anneal) process using a halogen lamp
or the like (for example, at 1000° C. for 30 sec).

Thereatter, as shown 1n FIG. 20B, windows are formed at
locations corresponding to the source/drain regions of the
MOSTFT-1 and the gate region of the MOSTFT-2. There-
alter, as shown 1n FIG. 20C, a film of aluminum containing
1% silicon 1s formed by means of sputtering and patterned
using a photolithographic process and an etching process
well known 1n the art such that the drain electrode of the
MOSTFT-1 and the gate electrode of the MOSTFT-2 are

connected to each other via the interconnection 128 formed
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of aluminum containing 1% silicon and such that, at the
same time, a source electrode of the MOSTFT-1 and a
source line connected to this source electrode are formed of
aluminum containing 1% silicon. Thereafter, an overcoat
film (silicon oxide/phosphosilicate glass/silicon nitride) 122,
and a window 1s formed at a location corresponding to the
drain of the MOSTFT-2. A cathode 138 connected to the
drain of the MOSTFT-2 1s then formed 1n a light emitting
area.

Thereafter, as shown 1n FIG. 20D, an organic light emait-
ting layer 132 and anodes 134 and 135 are formed.

In a conventional active matrix organic EL display inte-
grated with a peripheral driver circuit, a pixel 1s specified by
an X signal line and a Y signal line, and a switching
MOSTFT at the specified pixel 1s turned on. As a result,
image data 1s stored in a signal storage capacitor at that
pixel. Thus, a current control MOSTFT 1s turned on and a
bias current corresponding to the image data 1s supplied to
the organic EL device via a power line, thereby emitting
light. However, when MOSTFTs are formed of amorphous

silicon, their V,, can vary, and thus the current can vary 1n
response to the changes in V,,. This results in a change in
image quality. Besides, the low carrier mobility limits the
maximum current that can be driven at a high speed. A still
another problem 1s that difliculty 1n formation of a p-channel
makes 1t diflicult to form a CMOS circuit even 1f the circuit
complexity of the CMOS circuit 1s low.

In contrast, as described above, the technique according to
the present invention makes it possible to produce a large-
s1zed polycrystalline silicon TFT having high reliability and
high carrier mobility, which can be used to produce a CMOS
circuit.

In this technique, the green (G) light emitting organic EL
layer, the blue (B) light emitting organic EL layer, and the
red (R) light emitting organic EL layer are formed to a
thickness of 100 to 200 nm by means of a vacuum evapo-
ration techmque 1n the case where the organic EL layers are
formed of a low-molecular compound or by means of, 1n the
case where a macromolecular compound 1s used, a coating
technique such as a dipping/coating techmique or a spin-
coating technique, or an ink-jet techmque such that R, G,
and B light emitting polymers are arranged at specified
locations.

When a metal complex 1s used, a layer 1s deposited by
vacuum-evaporating a material that can sublime.

Each organic EL layer may be formed so as to be of a
single-layer type, a two-layer type, or a three-layer type, as
described below. Herein, by way of example, each organic
EL layer 1s assumed to be formed 1nto a three-layer structure
using low-molecular compounds.

Single-layer structure: anode/bipolar light emitting layer/
cathode

Two-layer structure: anode/hole transport layer/electron
transport-light emitting layer/cathode or anode/hole trans-
port-light emitting layer/electron transport layer/cathode

Three-layer structure: anode/hole transport layer/light
emitting layer/electron transport layer/cathode or anode/hole
transport-light emitting layer/carrier block layer/electron
transport-light emitting layer/cathode

In the structure shown 1n FIG. 19B, 1f the organic light
emitting layer 1s replaced with a light emitting polymer
known 1n the art, a passive-matrix type or active-matrix type
light emitting polymer display i1s obtained (this 1s also
possible 1n the examples described later).
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Second Example of the Structure of an Organic EL Device

FIGS. 21A and 21B show a second example of the
structure of an organic EL device. In this second structure,
as 1n the first structure, gate channel regions 117, source

regions 120, and drain regions 121 of a switching
MOSTFT-1 and a current driving MOSTFT-2 are formed on
a substrate 111 such as a glass substrate, using a high-
crystallinity large-grain polycrystalline silicon film formed
according to the above-descried technique of the present
invention. Furthermore, gate electrodes 1135 are formed on
the gate insulating films 118, and source electrodes 127 and
drain electrodes 128 and 131 are formed on the source and
drain regions. The drain of the MOSTFT-1 and the gate of
the MOSTEFT-2 are connected to each other via the drain
electrode 128, and a capacitor C 1s formed between the drain
of the MOSTFT-1 and the drain electrode 131 of the
MOSTEFT-2 via an 1nsulating film 136. The source electrode
127 of the MOSTFT-2 extends so as to be connected with the
anode 144 of the organic EL device. In order to improve the

switching characteristic, an LDD portion may be formed 1n
the switching MOSTFT-1.

Each MOSTFT 1s covered with an insulating film 130. A
green light emitting organic layer 132 (or a blue light
emitting organic layer 133 or a red light emitting organic
layer not shown 1n the figure) of the organic EL device 1s
formed on the msulating film 130 such that the anode 1is
covered with the green light emitting organic layer 132. A

cathode (first layer) 141 i1s formed such that the light
emitting organic layer 1s covered with the anode. Further-

more, a common cathode (second layer) 142 1s formed over
the entire surface.

In this structure, the organic EL layer in the organic EL
display portion 1s connected to the source of the current
driving MOSTF'T-2, and the organic EL layer 1s formed such
that the anode 144 formed on the surtace of the substrate 111
such as the glass substrate 1s covered with the organic EL
layer. The cathode 141 i1s formed such that the organic EL
layer 1s covered with the cathode 141, and an additional
cathode 142 1s formed over the entire surface. Thus, 1n this
structure, light 136 1s emitted from the lower side. In this
structure, areas between organic EL layers and MOSTEFTs
are covered with the cathode. That 1s, for example, after
forming a green light emitting organic EL layer by means of
vacuum evaporation or the like, a green light emitting
organic EL part 1s formed by means of a dry etching process
in conjunction with a photolithographic process, and, suc-

cessively, a green and red light emitting organic EL parts are
formed 1n a similar manner. Finally, the cathode (electron
injection layer) 141 1s formed over the entire surface, using
a magnestum-silver alloy or an aluminum-lithrum alloy.
Furthermore, an additional cathode layer (electron 1njection
layer) 142 1s formed such that the underlying structure is
sealed by this cathode layer 142. This structure, 1n particular
the cathode 142, prevents intrusion of moisture into regions
between organic EL layers thereby preventing the organic
EL layers from being degraded and preventing the electrodes
from being oxidized, and thus ensuring a long life time, high
quality, and high reliability (this 1s also true in the first
structure shown 1n FIG. 19, in which the entire surface 1is
covered with the anode). Furthermore, the cathode layers
141 and 142 enhance heat radiation. This suppresses a
structural change (melting or recrystallization) of the
organic EL films due to heat, and the life time, the quality,
and the reliability are improved. Using this techmique,
high-precision high-quality full-color organic EL layers can
be produced 1n a highly productive fashion at low cost.
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By forming a black mask (chromium, chromium dioxide,
or the like) 140 1n a peripheral area of each pixel as shown
in FIG. 21C, 1t 1s possible to prevent undesirable leakage of
light (crosstalk), and high contrast can be obtained. The
black mask 140 1s covered with a silicon oxide film 143 (that
may be formed using the same material at the same time as
the gate mnsulating film 118).

A sequence of processing steps of producing the organic
EL device 1s described below. First, as shown 1n FIG. 22A,
alter forming source regions 120, channel regions 117, and
drain regions 121 using a polycrystalline silicon film formed
via the above-descried processing steps, a gate insulating
film 118 1s formed by means of vapor deposition such as
catalytic CVD, and gate electrodes 115 of a MOSTFT-1 and
a MOSTFT-2 are formed thereon by means of sputtering a
Mo—Ta alloy or the like 1n conjunction with a photolitho-
graphic process and an etching process well known 1n the
art. In this process, a gate line connected to the gate
clectrode of the MOSTFT-1 1s also formed at the same time.
Thereatter, an overcoat film (such as a silicon oxide film)
137 1s formed by means of a vapor deposition technique
such as catalytic CVD, and the drain 131 of the MOSTFT-2
and a V _, line are formed by sputtering a Mo—Ta alloy or
the like 1n conjunction with a photolithographic process and
an etching process well known 1n the art. Furthermore, an
overcoat film (silicon oxide/silicon nitride) 136 1s formed by
means of vapor deposition such as catalytic CVD. The
impurity doped by means of ion implantation 1s activated by
performing an RTA (Rapid Thermal Anneal) process using a
halogen lamp or the like (for example, at about 1000° C. for
10 to 30 sec).

Thereafter, as shown 1n FIG. 22B, windows are formed at
locations corresponding to the source/drain regions of the
MOSTFT-1 and the gate region of the MOSTEF'T-2 by means
of a dry etching process 1n conjunction with a photolitho-
graphic process well known in the art. Thereatfter, as shown
in FIG. 22C, a film of aluminum contaiming 1% silicon 1s
deposited by means of sputtering and patterning using a

photolithographic process and an etching process well
known 1in the art such that the drain electrode of the
MOSTFT-1 and the gate electrode of the MOSTFT-2 are
connected to each other via the interconnection 128 formed
of aluminum containing 1% silicon and such that, at the
same time, a source line connected to the source electrode of
the MOSTFT-1 1s formed of aluminum containing 1%
silicon. An overcoat film (silicon oxide/phosphosilicate
glass/silicon nitride) 130 is then formed, and a window 1s
formed at a location corresponding to the source of the
MOSTFT-2 by means of an etching process in conjunction
with a photolithographic process well known in the art.
Thereatter, the anode 144 of the light emitting part 1s formed
by means of sputtering of ITO or the like 1n conjunction with
a photolithographic process and an etching process well
known 1n the art such that the anode 144 1s connected to the
source of the MOSTFT-2.

Thereafter, as shown 1 FIG. 22D, the light emitting
organic layer 132 and cathodes 141 and 142 are formed.

Materials for the respective organic EL layers and meth-
ods of forming them are described below. These materials
and methods can be applied not only to the structure shown
in FIG. 21 but also to the structure shown in FIG. 19.

The green light emitting organic EL layer 1s formed by
successively  vacuum-evaporating low-molecular com-
pounds, listed below, on the transparent I'TO electrode that
1s connected to the source of the current driving MOSTFT
and that serves as the anode (hole 1njection layer) disposed
on the glass substrate.
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1) The hole transport layer 1s formed of an amine com-
pound (such as a triallylamine derivative, arylamino oligo-
mer, or aromatic tertiary amine).

2) The light emitting layer 1s formed of a green light
emitting material such as tris(8-hydroxyquinoline)alumi-
num complex (Alqg).

3) The electron transport layer 1s formed of 1,3,4-oxadia-
zole derivative (OXD), 1,2.,4-triazole delivertive (TAZ), or a
similar material.

4) Preferably, the electron injection layer serving as the
cathode 1s formed of a maternial having a work function
smaller than 4 eV. For example, the electron injection layer
may be formed of a 10 to 30 nm thick film of an alloy of
magnesium and silver with an atomic ratio of 10:1, or a 10
to 30 nm thick film of an alloy of aluminum and Iithium (0.5
to 1%).

In this electron imjection layer, 1 to 10 atom % of silver
1s incorporated into magnesium to increase adhesion with an
organic interface, and 0.5 to 1% of lithtum 1s incorporated
into aluminum to enhance stability.

The green pixel may be formed as follows. First, the green
pixel area 1s covered with a photoresist, and the cathode
formed of the aluminum-lithium alloy, which serves as the
clectron 1njection layer, 1s removed by means of plasma
etching using CCl, gas. Furthermore, the photoresist and the
low-molecular compounds forming the electron transport
layer, the light emitting layer, and the hole transport layer are
removed by means of oxygen plasma etching. Thus, the
green pixel 1s obtained. In this process, etching of the
photoresist causes no problem, because there 1s aluminum-
lithium alloy under the photoresist. In the above process, the
clectron transport layer, the light emitting layer, and the hole
transport layer are formed using low-molecular compounds
such that their size becomes greater than the transparent ITO
clectrode serving as the hole injection layer, and such that no
short circuit 1s formed between them and the electron
injection layer (magnestum-silver alloy) that will be formed
later over the entire surface.

Thereatter, the blue light emitting orgamic EL layer 1s
formed by successively vacuum-evaporating low-molecular
compounds, listed below, on the transparent ITO electrode
that 1s connected to the source of the current driving
MOSTEFT and that serves as the anode (hole 1njection layer)
disposed on the glass substrate.

1) The hole transport layer 1s formed of an amine com-
pound (such as a triallylamine derivative, arylamino oligo-
mer, or aromatic tertiary amine).

2) The lhight emitting layer 1s formed of a blue light
emitting material such as a distyryl derivative (for example,
DTVB1).

3) The electron transport layer 1s formed of 1,3,4-oxadia-
zole denivative (TAZ), 1,2,4-triazole delivertive (TAZ), or a
similar material.

4) Preterably, the electron injection layer serving as the
cathode 1s formed of a matenal having a work function
smaller than 4 eV. For example, the electron injection layer
may be formed of a 10 to 30 nm thick film of an alloy of
magnesium and silver with an atomic ratio of 10:1, or a 10
to 30 nm thick film of an alloy of aluminum and lithium (0.5
to 1%).

In this electron imjection layer, 1 to 10 atom % of silver
1s incorporated into magnesium to increase adhesion with an
organic interface, and 0.5 to 1% of lithtum 1s mncorporated
into aluminum to enhance stability.

The blue pixel may be formed as follows. First, the blue
pixel area 1s covered with a photoresist, and the cathode
formed of the aluminum-lithtum alloy, which serves as the
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clectron 1njection layer, 1s removed by means of plasma
etching using CCl, gas. Furthermore, the photoresist and the
low-molecular compounds forming the electron transport
layer, the light emitting layer, and the hole transport layer are
removed by means of oxygen plasma etching. Thus, the blue
pixel 1s obtained. In this process, etching of the photoresist
causes no problem, because there 1s aluminume-lithium alloy
under the photoresist. In the above process, the electron
transport layer, the light emitting layer, and the hole trans-
port layer are formed using low-molecular compounds such
that their size becomes greater than the transparent ITO
clectrode serving as the hole injection layer, and such that no
short circuit 1s formed between them and the electron
injection layer (magnesium-silver alloy) that will be formed
later over the entire surface.

The red light emitting organic EL layer 1s formed by
successively  vacuum-evaporating low-molecular com-
pounds, listed below, on the transparent I'TO electrode that
1s connected to the source of the current driving MOSTFT
and that serves as the anode (hole 1njection layer) disposed
on the glass substrate.

1) The hole transport layer 1s formed of an amine com-
pound (such as a triallylamine derivative, arylamino oligo-
mer, or aromatic tertiary amine).

2) The light emitting layer 1s formed of a red light
emitting material such as Eu(Eu(DBM),(Phen)).

3) The electron transport layer 1s formed of 1,3,4-oxadia-
zole derivative (OXD), 1,2.4-tnazole delivertive (TAZ), or a
similar material.

4) Preferably, the electron injection layer serving as the
cathode 1s formed of a maternial having a work function
smaller than 4 ¢V. For example, the electron injection layer
may be formed of a 10 to 30 nm thick film of an alloy of
magnesium and silver with an atomic ratio of 10:1, or a 10
to 30 nm thick film of an alloy of aluminum and lithium (0.5
to 1%).

In this electron 1njection layer, 1 to 10 atom % of silver
1s incorporated into magnesium to increase adhesion with an
organic interface, and 0.5 to 1% of lithtum 1s 1ncorporated
into aluminum to enhance stability.

The red pixel may be formed as follows. First, the red
pixel area 1s covered with a photoresist, and the cathode
formed of the aluminum-lithium alloy, which serves as the
clectron 1njection layer, 1s removed by means of plasma
ctching using CCl, gas. Furthermore, the photoresist and the
low-molecular compounds forming the electron transport
layer, the light emitting layer, and the hole transport layer are
removed by means of oxygen plasma etching. Thus, the red
pixel 1s obtained. In this process, etching of the photoresist
causes no problem, because there 1s aluminum-lithium alloy
under the photoresist. In the above process, the electron
transport layer, the light emitting layer, and the hole trans-
port layer are formed using low-molecular compounds such
that their size becomes greater than the transparent ITO
clectrode serving as the hole injection layer, and such that no
short circuit 1s formed between them and the electron
injection layer (magnesium-silver alloy) that will be formed
later over the entire surface.

It 1s desirable that the electron imjection layer serving as
the cathode be formed of a material having a work function
smaller than 4 ¢V. For example, the electron injection layer
may be formed of a 10 to 30 nm thick film of an alloy of
magnesium and silver with an atomic ratio of 10:1, or a 10
to 30 nm thick film of an alloy of aluminum and lithium (0.5
to 1%). In this electron injection layer, 1 to 10 atom % of
silver 1s incorporated into magnesium to increase adhesion
with an organic interface, and 0.5 to 1% of lithium 1s
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incorporated into aluminum to enhance stability. The films
may also be formed by means of sputtering.

Fourth Embodiment

In this fourth embodiment, the present invention 1s
applied to a field emission display. Examples of structures

thereol and production sequences are described below.
Although the MOSTFT 1s assumed to be of the top-gate type
in the examples described below, the other types of MOST-
FTs such as the bottom-gate type or the dual-gate type are
also possible.

First FED Structure

FIGS. 23A to 23C 1illustrate a first example of an FED

structure. In this structure, gate channel regions 117, source
regions 120, and drain regions 121 of a switching
MOSTFT-1 and a current driving MOSTFT-2 are formed on
a substrate 111 such as a glass substrate, using a high-
crystallimity large-grain polycrystalline silicon film formed
according to the above-descried technique of the present
invention. Furthermore, gate electrodes 1135 are formed on
the gate insulating films 118, and source electrodes 127 and
drain electrodes 128 are formed on the source and drain
regions. The drain of the MOSTFT-1 and the gate of the
MOSTFT-2 are connected to each other via the drain elec-
trode 128, and a capacitor C 1s formed between the drain of
the MOSTFT-1 and the source electrode 127 of the
MOSTFT-2 via an 1mnsulating {ilm 136. The drain region 121
of the MOSTEFT-2 1s extended so as to be connected with the
FEC (Field Emission Cathode) of the FED device such that
the extended part acts as the emitter region 152. In order to

improve the switching characteristic, an LDD portion may
be formed 1n the switching MOSTFT.

Each MOSTFT 1s covered with an insulating film 130. On
this 1nsulating film 130, a shield metal film 151 1s formed
using the same material 1n the same processing step as a gate
lead electrode 150 of the FEC such that the each MOSTFT
1s covered with the shield metal film 151. In the FEC, an
n-type polycrystalline silicon film 133 serving as a field
emission emitter 1s formed on the emitter region 152 formed
of the polycrystalline silicon film. The insulating films 118,
137, 136, and 130 are patterned so as to form openings
therein whereby the emitter region 152 1s partitioned into
mxn emitters. A gate lead electrode 150 1s formed on the
surface of the patterned insulating film 130.

A phosphor 156 covered with a back metal layer 155
serving as an anode 1s formed on a substrate 157 such as a
glass substrate, and the substrate 157 1s disposed such that
the substrate 157 and the FEC face with each other. The gap
between the substrate 157 and the FEC 1s maintained in a
high vacuum state.

In this FEC structure, the n-type polycrystalline silicon
film 153 formed on the polycrystalline silicon film 152
formed by the technique according to the present invention
1s exposed via the openings of the gate lead electrode 150 so
that each exposed area acts as a surface-emitting type
emitter for emitting electrons 154. Because the polycrystal-
line silicon film 152 underlying the emitter 1s composed of
large-size grains (greater than a few hundred nm), when the
n-type polycrystalline silicon film 133 1s formed on this
polycrystalline silicon film 152 by means of catalytic CVD
or the like, the underlying polycrystalline silicon film 152
acts as a crystal growth seed, and thus the grains of the
polycrystalline silicon film 153 grow to greater sizes. As a
result, micro irregularities 158 that enhance emission of
clectrons are formed on the surface of the emitter.
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The FEC having the thin-film surface-emitting emitter can
be easily produced and has a stable emission characteristic
and a long life time.

Because all active elements (including MOSTFTs and
diodes 1n the peripheral driver circuit and the pixel array
area) are covered with the shueld metal film 151 (that may be
preferably formed using the same material (Nb, Ti/Mo, etc.)
in the same processing step as the gate lead electrode 150)
maintained at the ground voltage, the advantages (1) and (2)
described below are obtained, and thus 1t 1s possible to
realize a field emission display (FED) device having high
quality and high reliability.

(1) If a gas present 1n a hermetic case 1s positively 1onized
by electrons emitted from the emitter (field emission cath-
ode) 153, and 11 the mnsulating film 1s charged by the 1onized
gas, the positive charge can cause an undesirable inversion
layer to be formed 1n a MOSTFT located under the msulat-
ing film, and an excess current can flow through the current
path created by the iversion layer, which can result in
run-away ol the emitter current. However, in the FED
structure according to the present invention, because the
insulating layer above the MOSTFTs 1s covered with the
grounded shield metal film 151, no charging-up occurs and
thus run-away of the emitter current does not occur.

(2) When electrons emitted from the emitter (field emis-
sion cathode) 153 collide with the phosphor 156, light 1s
emitted from the phosphor 156. This light emitted from the
phosphor 156 can create electrons and holes in the gate
channel of a MOSTFT, which can result 1n a leakage current.
However, in this FED structure according to the present
invention, the shield metal film 151 formed on the MOST-
FTs prevents the light from being incident on the MOSTF T,
and thus prevents the MOSTFTs from operating errone-
ously.

A sequence of processing steps of producing the FED 1s
described below. First, as shown in FIG. 24A, after forming
a polycrystalline silicon film 117 over the entire surface via
the processing steps described earlier, the polycrystalline
silicon film 117 1s patterned into 1slands where the
MOSTFT-1, the MOSTFT-2, and the emitter are to be
formed, by means of an etching process 1n conjunction with
a photolithographic process well known 1n the art. A pro-
tective silicon oxide film 159 1s then formed over the entire
surface by means of plasma-enhance CVD, catalytic CVD,
or the like.

Thereafter, in order to control the V, to an optimum value
by adjusting the impurity concentrations of the gate channel
of the MOSTFT-1 and the MOSTFT-2, boron 1ons 83 are
doped over the entire surface to a dose of 5x10'! atoms/cm?
by means of 1on implantation or 1on doping such that the
doped islands have an acceptor concentration of 1x10'’
atoms/cc.

Thereafter, as shown 1n FIG. 24B, using a photoresist 82
as a doping mask, the source/drain regions of the
MOSTFT-1 and the MOSTFT-2 and the emitter region are
doped with phosphorus ions 79 to a dose of 1x10"° atoms/
cm” thereby forming the source regions 120, and the drain
regions 121, and the emitter region 152, having a donor
concentration of 2x10° atoms/cc. Thereafter, the protective
s1licon oxide film 1s removed from the emitter area by means
ol a photolithographic process and an etching process that
are well known 1n the art. Herein, 1n order to improve the
switching characteristic, an LDD region with a donor con-
centration of 1 to 5x10'® atoms/cc may be formed in the
MOSTFT-1.

Thereafter, as shown 1n FIG. 24C, an n-type polycrystal-
line silicon film 1353 having a thickness of 1 to 5 um and

10

15

20

25

30

35

40

45

50

55

60

65

58

having micro irregularities 158 on 1its surface 1s formed on
the polycrystalline silicon film 152 1n the emitter region, by
means of catalytic CVD or biased catalytic CVD using
monosilane and a dopant gas such as PH; mixed 1n a proper
ratio (for example, the concentration of the dopant gas 1s set
to 10°° atoms/cc), wherein the polycrystalline silicon film
152 serves as a growth seed during the deposition. During
the above deposition process, an n-type amorphous silicon
film 160 1s formed to a thickness of 1 to 5 um on the silicon
oxide film 159 and the glass substrate 111 in the other areas.

Thereafter, as shown in FIG. 24D, a catalytic AHA
treatment 1s performed to remove the amorphous silicon film
160 by etching 1t with hydrogen-based active species (such
as activated hydrogen 1ons). The silicon oxide film 159 1is
then removed by means ol etching. Thereafter, a gate
insulating film (silicon oxide film) 118 1s formed by means
of catalytic CVD or the like.

Thereatter, as shown 1n FIG. 24E, the gate electrodes 115
of the MOSTFT-1 and the MOSTFT-2 and the gate line
connected to the gate electrode of the MOSTFT-1 are
formed using a refractory metal such as a Mo—Ta alloy
deposited by means of sputtering. Then, after forming an
overcoat film (such as a silicon oxide film) 137, an RTA
(Rapid Thermal Anneal) 1s performed using a halogen lamp
or the like to activate the doped n-type and p-type impurities.
A window 1s then formed at a location corresponding to the
source of the MOSTFT-2, and the source electrode 127 of
the MOSTFT-2 and a ground line are formed using a
refractory metal such as a Mo—Ta alloy deposited by means
of sputtering. Furthermore, an overcoat film (such as a
multilayer film of silicon oxide/s1licon nitride) 136 1s formed
by means of plasma-enhance CVD, catalytic CVD, or the
like.

Thereatter, as shown 1in FIG. 24F, windows are formed at
locations corresponding to the source/drain regions of the
MOSTFT-1 and the gate region of the MOSTFT-2, and an
interconnection 128 1s formed of aluminum contaiming 1%
s1licon such that the drain of the MOSTFT-1 and the gate of
the MOSTFT-2 are connected to each other via the inter-
connection 128. During this process, a source electrode of
the MOSTEFT-1 and a source line 127 connected thereto are
also formed.

Thereatter, hydrogenation and sintering are performed at
400° C. 1n an ambient of a forming gas for 30 min.

Thereafter, as shown 1n FIG. 24G, an overcoat film
(silicon oxide/phosphosilicate glass/silicon nitride) 130 1s
formed, and windows of the GND line are formed. There-
alter, as shown 1n FIG. 24H, the gate lead electrode 150 and
the shield metal film 151 are formed by evaporating a Nb
film and then patterning 1t. Furthermore, windows are
formed in the field emission cathode area such that the
emitter 153 1s exposed via the windows, and cleaning 1is
performed using hydrogen-based active species (such as
activated hydrogen 1ons) created during a plasma treatment
or AHA treatment.

The conventional field emission display can be catego-
rized mto two types: simple-matrix FED, and active-matrix
FED. As for the field emission electron source (field emiat-
ter),various types are available. They are a Spindt type
molybdenum emitter, a cone type silicon emitter, an MIM
tunnel emitter, a porous silicon emitter, a diamond emitter,
and a surface conduction emitter. In any type, an emitter can
be integrated on a flat substrate. In the simple matrix
addressing technique, field emitters are arranged 1n the form
of an XY matrix, and one pixel 1s formed by one field
emitter. The emission intensity 1s controlled pixel by pixel so
as to display an image. In the active matrix addressing
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technique, a current emitted from an emitter 1s controlled by
controlling gate voltage of a MOSTFT whose drain 1is
connected to an emitter. This structure can be produced
using a process widely used 1n production of silicon LSIs,
and thus 1t 1s possible to form a complicated circuit 1n a
peripheral area of a field emission display. However, 1t 1s
required to use a monocrystalline silicon substrate. The
monocrystalline silicon substrate 1s expensive, and the water
s1ze 1s limited. It has been proposed to produce an emitter by
first depositing a conductive polycrystalline silicon film on
the surface of a cathode by means of reduced-pressure CVD
or the like and then depositing thereon a crystalline diamond
film by means of plasma-enhanced CVD or the like. How-
ever, the deposition temperature i the reduced-pressure
CVD process 1s as high as 630° C. This makes it impossible
to use a glass substrate, and thus the cost 1s high. Besides,
the grain size of the polycrystalline silicon film produced by
this reduced-pressure CVD technique 1s not large enough,
and thus the crystalline diamond film formed thereon has a
small grain size, which results in a poor emitter character-
istic. Furthermore, the plasma-enhance CVD cannot provide
reaction energy high enough to produce a high-quality
crystalline diamond film. Another problem 1s that a good
clectric contact 1s not obtained between the transparent
electrode or the cathode made of a metal such as Al, Ti, or
Cr and the conductive polycrystalline silicon film. The result
of this 1s a poor electron emission characteristic.

In contrast, the large-grain polycrystalline silicon film
produced according to the present invention 1s excellent as
described earlier. That 1s, the large-grain polycrystalline
silicon film can be formed on a glass substrate. If a large-
grain polycrystalline silicon film 1s formed 1n an emitter
region connected to the drain of the current driving TFT, and
if an additional n-type (or n™-type) large-grain polycrystal-
line (or monocrystalline) silicon (or diamond) film 1s formed
thereon by means of catalytic CVD or the like, then the
underlying polycrystalline silicon film serves as a growth
seed, and thus the grain size becomes further greater. There-
alter, 11 a catalytic AHA treatment 1s performed, the amor-
phous silicon film or the amorphous diamond (also called
diamond like carbon) film 1s reduced and etched, and an
emitter formed of a high-crystallimty large-grain silicon/
diamond film having a large number of micro 1rregularities
the surface 1s obtained. This emitter has a large electron
emission efliciency, and a good contact characteristic can be
obtained between the drain and the emitter. Thus, a high-
elliciency emitter can be realized. The emitter according to
the present invention can solve the problems 1n the conven-
tional technique.

The emitter region of one pixel may be divided 1nto two
or more parts, and one switching MOSTFT may be con-
nected to each part. In this structure, even 1f one MOSTET
tails, another MOSTFT can operate to emit electrons in the
pixel. This makes 1t possible to produce a high-reliability
high-quality emitter with a large production vyield at a
reduced cost (similar structure may also be employed in the
examples described below for the same purpose). When
some MOSTFT fails into an electrically open state, no
significant problem occurs as discussed above. I some
MOSTFT fails mto a short-circuit state, it 1s required to
1solate the failed MOSTFT by means of, for example, a laser
repair technique. The structure according to the present
invention allows such a repair. This also makes a great
contribution to achievement of a high-reliability high-per-
formance emitter at a reduced cost (this 1s true also in the
examples described below).
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Second FED Structure

FIGS. 25A to 25C illustrate a second example of the FED
structure. In this structure, as 1n the first structure described
above, gate channel regions 117, source regions 120, and
drain regions 121 of a switching MOSTFT-1 and a current
driving MOSTFT-2 are formed on a substrate 111 such as a
glass substrate, using a high-crystallinity large-grain poly-
crystalline silicon film formed according to the above-
descried technique of the present immvention. Furthermore,
gate electrodes 115 are formed on the gate msulating films
118, and source electrodes 127 and drain electrodes 128 are
formed on the source and drain regions. The drain of the
MOSTEFT-1 and the gate of the MOSTFT-2 are connected to
cach other via the drain electrode 128, and a capacitor C 1s
formed between the drain of the MOSTFT-1 and the source
clectrode 127 of the MOSTF'T-2 via an mnsulating film 136.
The drain region 121 of the MOSTFT-2 1s extended so as to
be connected with the FEC (Field Emission Cathode) of the
FED device such that the extended part acts as the emitter
region 152. In order to improve the switching characteristic,
an LDD portion may be formed 1n the switching MOSTEFT-
1.

Each MOSTEFT 1s covered with an mnsulating film 130. On
this 1msulating film 130, a shield metal film 151 1s formed
using the same material in the same processing step as a gate
lead electrode 150 of the FEC such that the each MOSTFT
1s covered with the shield metal film 151. In the FEC, an
n-type polycrystalline diamond film 163 serving as a field
emission emitter 1s formed on the emitter region 152 formed
of the polycrystalline silicon film. The insulating films 118,
137, 136, and 130 are patterned so as to form openings
therein whereby the emitter region 152 1s partitioned into
mxn emitters. A gate lead electrode 150 1s formed on the
surface of the patterned insulating film 130.

A phosphor 156 covered with a back metal layer 155
serving as an anode 1s formed on a substrate 157 such as a
glass substrate, and the substrate 157 1s disposed such that
the substrate 157 and the FEC face with each other. The gap
between the substrate 157 and the FEC 1s maintained in a
high vacuum state.

In this FEC structure, the n-type polycrystalline diamond
film 163 formed on the polycrystalline silicon film 152
formed by the technique according to the present invention
1s exposed via the openings of the gate lead electrode 150 so
that each exposed area acts as a surface-emitting type
emitter for emitting electrons 154. Because the polycrystal-
line silicon film 152 underlying the emitter 1s composed of
large-size grains (greater than a few hundred nm), when the
n-type polycrystalline diamond film 163 1s formed on this
polycrystalline silicon film 152 by means of catalytic CVD
or the like, the underlying polycrystalline silicon film 152
acts as a crystal growth seed, and thus the grains of the
polycrystalline diamond film 163 grow to great sizes. As a
result, micro mrregularities 168 that enhance emission of
clectrons are formed on the surface of the emitter.

The FEC having the thin-film surface-emitting emitter can
be easily produced and has a stable emission characteristic
and a long life time.

Because all active elements (including MOSTEFTs and
diodes 1n the peripheral driver circuit and the pixel array
area) are covered with the shield metal film 151 (that may be
preferably formed using the same material (Nb, T1/Mo, etc.)
in the same processing step as the gate lead electrode 150)
maintained at the ground voltage, that 1s, the insulating layer
above the MOSTFTs 1s covered with the grounded shield
metal film 151, no charging up occurs and thus run-away of
the emitter current does not occur. Furthermore, the shield
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metal film 151 formed on the MOSTF'Ts prevents light from
being incident on the MOSTFTs, and thus prevents the
MOSTFTs from operating erroneously. Thus, it 1s possible to
realize a field emission display (FED) device having high
quality and high reliability.

A sequence of processing steps of producing the FED 1s
described below. First, as shown in FIG. 26A, after forming
a polycrystalline silicon film 117 over the entire surface via
the processing steps described earlier, the polycrystalline
silicon film 117 1s patterned 1nto 1slands where the
MOSTFT-1, the MOSTFT-2, and the emitter are to be
formed, by means of an etching process in conjunction with
a photolithographic process well known in the art. A pro-
tective silicon oxide film 159 1s then formed over the entire
surface by means of plasma-enhance CVD, catalytic CVD,
or the like.

Thereatfter, i order to control the V, to an optimum value
by adjusting the impurity concentrations of the gate channel
of the MOSTFT-1 and the MOSTFT-2, boron 1ons 83 are
doped over the entire surface to a dose of 5x10'" atoms/cm?
by means of 1on implantation or 1on doping such that the
doped islands have an acceptor concentration of 1x10'’
atoms/cc.

Thereafter, as shown 1n FIG. 26B, using a photoresist 82
as a dopmmg mask, the source/draimn regions of the
MOSTFT-1 and the MOSTFT-2 and the emitter region are
doped with phosphorus ions 79 to a dose of 1x10"> atoms/
cm” thereby forming the source regions 120, and the drain
regions 121, and the emitter region 152, having a donor
concentration of 2x10° atoms/cc. Thereafter, the protective
s1licon oxide film 1s removed from the emitter area by means
ol a photolithographic process and an etching process that
are well known 1n the art.

Thereafter, as shown 1 FIG. 26C, an n-type polycrystal-
line diamond film 163 having micro irregularities 168 on 1ts
surface 1s formed on the polycrystalline silicon film 152 1n
the emitter region, by means of catalytic CVD or biased
catalytic CVD using monosilane, methane (CH,) and an
n-type dopant mixed in a proper ratio, wherein the poly-
crystalline silicon film 152 serves as a growth seed during
the deposition. During the above deposition process, an
n*-type amorphous diamond film 170 1s formed to a thick-
ness of 1 to 5 um on the silicon oxide film 159 and the glass
substrate 111 1n the other areas. More specifically, when the
n*-type crystalline diamond film 1s formed by means of
catalytic CVD or the like on the large-grain polycrystalline
silicon film 1352 serving as a seed in the emitter region 163,
an n-type impurity gas (for example, phosphine PH; for
providing phosphors, arsine ASH, for providing arsenic, or
stibine SbH, for providing antimony) 1s mixed in methane
CH, so that an n™-type polycrystalline diamond film 163
having an impurity concentration 5x10°° to 1x10*" atoms/cc
(with a thickness of 1000 to 5000 nm) 1s obtained. During
the above process, an n*-type diamond film 170 in an
amorphous form 1s formed on the protective silicon oxide
film. This amorphous diamond film 1s also called a DLC
(diamond like carbon) film.

Thereafter, as shown m FIG. 26D, a catalytic AHA
treatment 1s performed to remove the amorphous diamond
film 170 by etching 1t with hydrogen-based active species
(such as activated hydrogen 1ons). The silicon oxide film 159
1s then removed by means of etchung. Thereafter, a gate
insulating film (silicon oxide film) 118 1s formed by means
of catalytic CVD or the like. In the above catalytic AHA
treatment, the amorphous diamond film i1s reduced and
etched by hydrogen molecules/hydrogen atoms/activated
hydrogen 1ons at a high temperature, and, at the same time,
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the amorphous component of the n™-type polycrystalline
diamond film 163 formed 1n the emitter region 1s reduced
and etched, and a high-crystallinity n™-type polycrystalline
diamond {ilm 163 1s formed. Via the reduction and etching
process, a large number of micro 1rregularities are created on
the surface of the n™-type polycrystalline diamond film 163
on the emitter region 163. During the above process, the
n*-type amorphous diamond film present on the protective
silicon oxide film 1s reduced and etched, and thus removed.
It 1s desirable to continuously perform the catalytic CVD
process and the AHA process to prevent contamination and
achieve high productivity.

Thereatter, as shown i FIG. 26E, the gate electrodes 115
of the MOSTFT-1 and the MOSTFT-2 and the gate line
connected to the gate electrode of the MOSTFT-1 are
formed using a refractory metal such as a Mo—Ta alloy
deposited by means of sputtering. Then, after forming an
overcoat {1llm (such as a silicon oxide film) 137, an RTA
(Rapid Thermal Anneal) 1s performed using a halogen lamp
or the like to activate the doped n-type and p-type impurities.
A window 1s then formed at a location corresponding to the
source of the MOSTFT-2, and the source electrode 127 of
the MOSTFT-2 and a ground line are formed using a
refractory metal such as a Mo—Ta alloy deposited by means
of sputtering. Furthermore, an overcoat film (such as a
multilayer film of silicon oxide/s1licon nitride) 136 1s formed
by means of plasma-enhance CVD, catalytic CVD, or the
like.

Thereafter, as shown 1n FIG. 26F, windows are formed at
locations corresponding to the source/drain regions of the
MOSTFT-1 and the gate region of the MOSTFT-2, and an
interconnection 128 1s formed of aluminum contaiming 1%
silicon such that the drain of the MOSTFT-1 and the gate of
the MOSTFT-2 are connected to each other via the inter-
connection 128. During this process, a source electrode of
the MOSTFT-1 and a source line 127 connected thereto are
also formed.

Thereafter, as shown in FIG. 26(G, an overcoat film
(silicon oxide/phosphosilicate glass/silicon nitride) 130 1s
formed, and a GND line window 1s formed. Thereafter,
hydrogenation and sintering are pertormed at 400° C. 1n an
ambient of a forming gas for 30 min. Thereafter, as shown
in FIG. 26H, a gate lead electrode 150 and a shield metal
film 151 are formed by evaporating a Nb film and then
patterning 1t. Furthermore, windows are formed in the field
emission cathode area such that the emitter 163 1s exposed
via the windows, and cleaning 1s performed using activated
hydrogen 1ons created during a plasma treatment or AHA
treatment. More specifically, the titanium/molybdenum film
or the niobium film 1s wet-etched using an acid etchant 1n
conjunction with a photolithographic process well know 1n
the art. The silicon oxide film and PSG film are wet-etched
using a hydrofluoric acid-based etchant. The silicon nitride
film 1s removed by means of plasma etching using CF, or the
like. The polycrystalline diamond film 163 of the field
emission cathode (emuitter) 1s subjected to a catalytic AHA
treatment thereby cleaning it. In this process, organic con-
tamination, water, oxygen/nitrogen/carbon dioxide adhering
to micro 1rregularities on the surface of the film are removed
by hydrogen molecules/hydrogen atoms/activated hydrogen
ions at a high temperature, thereby improve the electron
emission eiliciency.

Examples of compounds containing carbon that can be
used as a source gas to deposit the polycrystalline diamond
film 163 are listed below.

1) paratlinic hydrocarbons such as methane, ethane, pro-
pane, and buthane
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2) alkyne such as ethyne and allylene

3) olefin hydrocarbons such as ethylene, propylene, and
butylene

4) dioefin hydrocarbons such as butadiene

5) alicyclic hydrocarbons such as cyclopropane, cyclobu-
tane, cyclopentane, and cyclohexane

6) aromatic hydrocarbons such as cyclobutdiene, ben-
zene, toluene, xylene, and naphtahlin

7) ketones such as acetone, diethyl ketone, and benzophe-
none

8) alcohols such as methanol and ethanol

9) amines such as trimethylamine and triethylamine

10) substances composed of only carbon atoms such as
graphite, coal and coke

Of the above, any one may be used singly, or a combi-
nation of two or more may be employed.

Examples of inert gases usable herein are argon, helium,
neon, krypton, xenon, and radon. Examples of dopants are
boron, lithium, nitrogen, phosphorus, sulfur, chlorine, ars-
ine, selentum, berylllum, and compounds of any combina-
tion of these. The doping concentration may be, for example,
10*° atoms/cc.

Fifth Embodiment

In this fifth embodiment, the present invention 1s applied
to a solar cell that 1s one of optical-to-electric conversion
devices. An example of a sequence of processing steps of
producing a solar cell 1s described below.

First, as shown 1n FIG. 27A, an n-type low-crystal-quality
silicon film 7A with a thickness of 100 to 200 nm 1s formed
on a metal substrate 111 such as stainless steel by means of
plasma-enhanced CVD, catalytic CVD, or the like. In this
process, an n-type is doped to a concentration of 1x10" to
1x10°° atoms/cc by mixing a dopant gas such as PH, in
monosilane in a proper ratio.

Thereafter, an 1-type low-crystal-quality silicon film 180A
with a thickness of 2 to 5 um 1s formed on the n-type
low-crystal-quality silicon film 7A by means of plasma-
enhanced CVD, catalytic CVD, or the like. Furthermore, a
p-type low-crystal-quality silicon film 181 A with a thickness
of 100 to 200 nm 1s formed thereon by means of plasma-
enhanced CVD, catalytic CVD, or the like. In this process,
a p-type impurity is doped to a concentration of 1x10" to
1x10°° atoms/cc by mixing a p-type dopant gas such as
B,.H, in monosilane 1n a proper ratio.

Thereafter, as shown 1n FIG. 27B, an overcoat insulating,
film 235 (such as a silicon oxide film, silicon nitride film, a
s1licon oxide mitride film, a multilayer film of silicon oxide/

silicon nitride) with a thickness of 50 to 100 nm 1s formed
by means of plasma-enhanced CVD, catalytic CVD, or the
like.

Focused-light annealing 1s performed by 1lluminating the
obtained low-crystal-quality silicon films 7A, 180A, and
181A with a focused light ray 210 emitted from a lamp
thereby converting the films into polycrystalline films 7,
180, and 181, respectively. During this annealing process,
the impurities doped 1n the respective films are activated.

Then, as shown 1n FIG. 27C, the overcoat isulating film
235 1s removed, and hydrogenation 1s performed in an
ambient of a forming gas at 400° C. for 1 hour. Furthermore,
a transparent electrode (ITO (Indium Tin Oxide) film, 1Z0
(Indium Zinc Oxide) film, etc.) 182 1s formed to a thickness
of 100 to 150 nm over the entire surface. Thereafter, a
comb-shaped electrode 183 with a thickness of 100 to 150
1s formed 1n a predetermined area on the transparent elec-
trode 182 by depositing silver or the like via a metal mask.
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The solar cell according to the present embodiment has an
optical-to-electric conversion thin-film formed of a large-
grain polycrystalline silicon film having a large mobility and
a high conversion efliciency according to the present inven-
tion. Furthermore, the solar cell structure has a good surface
texture and a good back surface texture, and thus the
optical-to-electric conversion thin-film has a high light con-
finement efliciency and a high conversion efliciency. This
technique according to the present mvention can be applied
not only to the solar cell but other types of thin-film
optical-to-electric conversion devices such as a photosensi-
tive drum for used 1n electrophotography.

Although the present mnvention has been described with
reference to specific embodiments, the nvention 1s not
limited to those embodiments. Various modifications are
possible without departing from the spirit and scope of the
present mvention.

For example, the vapor deposition method 1s not limited
to analytic CVD or plasma-enhanced CVD. Various param-
eters such as the number of times the focused-light anneal-
ing 1s performed, the illumination time, and the substrate
temperature are not limited to specific values employed in
the embodiments. Furthermore, the substrate materials and
other materials are not limited to those used 1n the embodi-
ments.

The present invention can be advantageously used 1n
particular to form MOSTFTs 1n an internal circuit of a
display, a peripheral driver circuit, a video signal processing
circuit, or a memory. In addition to such a MOSTEFT, 1t 1s
also possible to form other active elements such as a diode
and various kinds of passive elements such as a resistor, a
capacitor, an interconnection, and an inductor using a poly-
crystalline or monocrystalline semiconductor film according
to the present 1vention.

As can be understood from the above description, the
present invention provides great advantages (1) to (10)
described below, which result from the feature of the inven-
tion that a monocrystalline or polycrystalline thin semicon-
ductor 1s produced from a low-crystal-quality thin semicon-
ductor film formed on a substrate by performing a focused-
light annealing process on the low-crystal-quality thin
semiconductor film thereby melting or semi-melting the
low-crystal-quality thin semiconductor film or heating the
low-crystal-quality thin semiconductor film while maintain-
ing it 1n a non-melted state and then cooling the low-crystal-
quality thin semiconductor film thereby enhancing crystal-
lization of the low-crystal-quality thin semiconductor film.

(1) In the focused-light annealing, light emitted from a
lamp such as an ultra-high-pressure mercury lamp 1s focused
into a desired form, and the low-crystal-quality thin semi-
conductor film such as an amorphous silicon film 1s 1llumi-
nated with the focused light so as to heat the low-crystal-
quality thin semiconductor film into a melted or semi-melted
state or heat 1t while maintaining it in a non-melted state and
then cool 1t thereby crystallizing 1t. That 1s, 1n this process,
high 1llumination energy applied to the low-crystal-quality
thin semiconductor film causes the low-crystal-quality thin
semiconductor film to be heated into a melted or semi-
melted state or heated while maintaining non-melted state,
and then the low-crystal-quality thin semiconductor film 1s
cooled thereby obtaining a monocrystalline semiconductor
f1lm or a large-grain polycrystalline semiconductor film such
as a monocrystalline or polycrystalline silicon film, having
a high carrier mobility and high quality. This technique
allows a great improvement in productivity and a great
reduction 1n cost.
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(2) In the focused-light annealing according to the present
invention, because the zone melting recrystallization 1s
performed while continuously moving the melted zone, a
catalytic element such as N1 preincorporated to enhance the
crystallization and other impurities are segregated into the
melted zone and thus such a catalytic element or impurities
can be easily removed. Thus, no impurities remain 1n the
resultant annealed film. This makes 1t possible to easily
obtain a polycrystalline thin semiconductor film having
large grains, a high carrier mobility, and high quality. In
particular, if multiple zone melting recrystallization 1s per-
formed by sequentially performing melting and cooling
repeatedly using a plurality of focused light rays emitted
from a plurality of lamps, 1t 1s possible to obtain a poly-
crystalline thin semiconductor film having further greater
grains and higher quality. The high purity obtained by this
technique makes 1t possible to produce a device with high
stability and high reliability without degrading characteris-
tics of the semiconductor. Furthermore, 1n the focused-light
annealing technique, the zone melting recrystallization or

multiple zone melting recrystallization 1s performed via a
simple process thereby allowing ethicient removal of a
catalytic element that has finished 1ts role in enhancing
crystallization and also allowing eflicient removal of other
impurities. This simplicity of the process allows a reduction
in cost.

(3) The crystal grains in the polycrystalline silicon film
are aligned in a direction 1 which the focused light is
scanned. Therefore, 1f TFTs are formed in this direction,
mismatching and stress at crystal grain boundaries are
mimmized, and thus the resultant polycrystalline thin silicon
film has a high mobility.

(4) If another low-crystal-quality silicon film 1s formed on
a polycrystalline silicon film crystallized by means of zone
melting recrystallization or multiple zone melting recrystal-
lization using the focused-light annealing techmque, and 1f
crystallization 1s performed again using the focused-light
annealing process, a polycrystalline silicon film having large
grains, a high carrier mobility, and high crystal quality can
be formed to a greater thickness. By performing this process
repeatedly, a multilayer film with a large total thickness such
as on the order of a few microns can be obtained. This makes
it possible to produce not only a MOSLSI but also other
types of devices such as a bipolar LSI, a CMOS sensor, a
CCD area/linear sensors, and a solar cell, having high
performance and high quality.

(5) Regardless of whether a UV lamp or an infrared lamp
1s used, light emitted from the lamp can be easily focused
into the form of a line, a rectangle, or a square, and the
focused light can be continuously applied. Furthermore, the
beam size and the scanning pitch can be arbitrarily set. The
high light intensity leads to increases in melting efliciency
and throughput, and thus a reduction 1n cost can be achieved.

(6) The lamp used 1n the focused-light annealing appara-
tus can be easily controlled in terms of the wavelength, the
light intensity, and the illumination time. Furthermore, the
heating/melting rate and the cooling rate can be controlled
by controlling the speed at which a substrate or the lamp 1s
moved. By controlling those parameters, 1t 1s possible to
form a polycrystalline silicon film having a desired grain
s1ize and desired purity.

(7) The lamp used 1n the focused-light annealing appara-
tus 1s much more 1nexpensive than an excimer laser gen-
erator used 1n an excimer laser annealing apparatus, and thus
a great cost reduction can be achieved.
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(8) In the focused-light annealing process, 1n particular in
the annealing process using an ultra-high-pressure mercury
lamp, light with the same wavelength as that of a XeCl
excimer laser (with a wavelength of 308 nm) can be con-
tinuously applied with a small vanation in i1llumination
energy across the entire film surface, and thus a resultant
crystallized semiconductor film has uniform characteristics
and produced TFTs have small vaniations in characteristics
from device to device. Thus, high throughput and high
productivity are achieved, which result 1n a reduction in
COst.

(9) The focused-light annealing process can be used at a
low substrate temperature (200 to 400° C.). This makes 1t
possible to employ glass having a low strain point or a
heat-resistant resin as a substrate material, which allows
production of a large-sized substrate at low cost. Thus,
reductions 1n weight and cost can be achieved.

(10) Not only a top-gate type but also other types of TFTs
such as a bottom-gate type and dual-gate type MOSTEFTs can
be produced using a monocrystalline or polycrystalline
semiconductor film with a high carrier mobility formed by
the focused-light annealing techmique. Thus, 1t becomes
possible to produce a high-speed high-current semiconduc-
tor device, an electro-optical device, and a high-efliciency
solar cell, using the high-performance semiconductor film.
Specific examples of devices that can be produced by this
technique include a silicon semiconductor device, a silicon
semiconductor integrated circuit, a silicon-germanium semi-
conductor device, a silicon-germanium semiconductor inte-
grated circuit, a silicon carbide semiconductor device, a
silicon carbide semiconductor integrated device, a com-
pound semiconductor (such as GaAs) device, a compound
semiconductor (such as GaAs) integrated circuit, a poly-
crystalline diamond semiconductor device, a polycrystalline
diamond semiconductor integrated circuit, a liquid crystal
display, an (inorganic/organic) electroluminescence display,
a field emission display (FED), a light emitting polymer
display, a light emitting diode display, a photosensor, a CCD
area/liner sensor, a CMOS sensor, and a solar cell.

What 1s claimed 1s:

1. A thin semiconductor film formation method for form-
ing a polycrystalline or monocrystalline thin semiconductor
film on a substrate, the method comprising:

a first step of forming a low-crystal-quality thin semicon-

ductor film on the substrate;

a second step of performing lamp annealing on the
low-crystal-quality thin semiconductor film so as to
melt the low-crystal-quality thin semiconductor film or
heat the low-crystal-quality thin semiconductor film
while maintaining the low-crystal-quality thin semi-
conductor film 1n a non-melted state and then cool the
low-crystal-quality thin semiconductor film thereby
enhancing crystallization of the low-crystal-quality thin
semiconductor film; and

a third step of forming a stepped recess with a predeter-
mined shape and size 1n a particular area of the sub-
strate where a device 1s to be formed,

wherein the first step includes forming a low-crystal-
quality thin semiconductor film, which may or may not
include one or more kinds of catalytic elements, on the
substrate having the stepped recess, and the second step
includes performing a focused-light annealing process
such that graphoepitaxy growth occurs from lower
edges of the stepped recess acting as growth seeds
thereby converting the low-crystal-quality thin semi-
conductor film into the monocrystalline thin semicon-
ductor film.




US 7,098,085 B2

67

2. A thin semiconductor film formation method for form-
ing a polycrystalline or monocrystalline thin semiconductor
film on a substrate, the method comprising:

a first step of forming a low-crystal-quality thin semicon-
ductor film on the substrate;

a second step of performing lamp annealing on the
low-crystal-quality thin semiconductor film so as to
melt the low-crystal-quality thin semiconductor film or
heat the low-crystal-quality thin semiconductor film
while maintaining the low-crystal-quality thin semi-
conductor film 1n a non-melted state and then cool the
low-crystal-quality thin semiconductor film thereby
enhancing crystallization of the low-crystal-quality thin
semiconductor film; and

a third step of forming a layer of a material such as
sapphire well lattice-matched with the monocrystalline
semiconductor 1 an area of the substrate where a
device 1s to be formed, wherein the first step includes
forming a low-crystal-quality thin semiconductor film,
which may or may not include one or more kinds of
catalytic elements, on the crystal layer, and the second
step includes performing a focused-light annealing
process such that heteroepitaxy growth occurs on the
layer acting as a growth seed thereby converting the
low-crystal-quality thin semiconductor film into the
monocrystalline thin semiconductor film.

3. A thin semiconductor film formation method for form-
ing a polycrystalline or monocrystalline thin semiconductor
film on a substrate, the method comprising:

a first step of forming a low-crystal-quality thin semicon-
ductor film on the substrate; and

a second step of performing lamp annealing on the
low-crystal-quality thin semiconductor film so as to
melt the low-crystal-quality thin semiconductor film or
heat the low-crystal-quality thin semiconductor film
while maintaining the low-crystal-quality thin semi-
conductor {ilm 1n a non-melted state and then cool the
low-crystal-quality thin semiconductor film thereby
enhancing crystallization of the low-crystal-quality thin
semiconductor film;:

wherein the thin film for use 1n a silicon semiconductor
device, a silicon semiconductor integrated circuit, a
silicon-germanium semiconductor device, a silicon-
germanium semiconductor integrated circuit, a com-
pound semiconductor device, a compound semicon-
ductor integrated «circuit, a silicon carbide
semiconductor device, a silicon carbide semiconductor
integrated device, a polycrystalline diamond semicon-
ductor device, a polycrystalline diamond semiconduc-
tor integrated circuit, a liquid crystal display, an organic
or morganic electroluminescence (EL) display, a field
emission display (FED), a light emitting polymer dis-
play, a light emitting diode display, a CCD area/liner
sensor, a CMOS sensor, or a solar cell 1s produced;

wherein when a device such as a semiconductor device,
an electro-optical display, or a solid-state 1maging
device, which includes an internal circuit and a periph-
eral circuit, 1s produced, a channel region, a source
region, and a drain region of a thin-film 1nsulated-gate
field eflect transistor of at least one of the internal
circuit and the peripheral circuit are formed using the
polycrystalline or monocrystalline thin semiconductor

film; and

wherein a cathode or an anode 1s disposed 1n a layer under
an organic or inorganic electroluminescence layer of
each color, wherein the cathode or the anode 1s con-
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nected to the drain or the source of the thin-film
insulated-gate field efiect transistor.

4. A method according to claim 3, wherein active ele-
ments including the thin-film insulated-gate field effect
transistor and a diode are covered with the cathode, or the
surfaces of the organic or inorganic electroluminescence
layers of respective colors and all areas between the organic
or inorganic electroluminescence layers are covered with the
cathode or the anode.

5. A method according to claim 3, wherein a black mask
layer 1s formed 1n areas between the organic or inorganic
clectroluminescence layers of respective colors.

6. A thin semiconductor film formation method for form-
ing a polycrystalline or monocrystalline thin semiconductor
film on a substrate, the method comprising:

a first step of forming a low-crystal-quality thin semicon-
ductor film on the substrate; and

a second step of performing lamp annealing on the
low-crystal-quality thin semiconductor film so as to
melt the low-crystal-quality thin semiconductor film or
heat the low-crystal-quality thin semiconductor film
while maintaining the low-crystal-quality thin semi-
conductor film 1n a non-melted state and then cool the
low-crystal-quality thin semiconductor film thereby
enhancing crystallization of the low-crystal-quality thin
semiconductor film;

wherein the thin film for use 1n a silicon semiconductor
device, a silicon semiconductor integrated circuit, a
silicon-germanium semiconductor device, a silicon-
germanium semiconductor integrated circuit, a com-
pound semiconductor device, a compound semicon-
ductor integrated circuit, a silicon carbide
semiconductor device, a silicon carbide semiconductor
integrated device, a polycrystalline diamond semicon-
ductor device, a polycrystalline diamond semiconduc-
tor integrated circuit, a liquid crystal display, an organic
or morganic electroluminescence (EL) display, a field
emission display (FED), a light emitting polymer dis-
play, a light emitting diode display, a CCD area/liner
sensor, a CMOS sensor, or a solar cell 1s produced;

wherein when a device such as a semiconductor device,
an electro-optical display, or a solid-state i1maging
device, which includes an internal circuit and a periph-
eral circuit, 1s produced, a channel region, a source
region, and a drain region of a thin-film insulated-gate
field eflect transistor of at least one of the internal
circuit and the peripheral circuit are formed using the
polycrystalline or monocrystalline thin semiconductor

film; and

wherein an emitter of a field emission display device 1s

connected to a drain of the thin-film 1nsulated-gate field
ellect transistor via the polycrystalline or monocrystal-
line thin semiconductor film, and wherein the emitter of
the field emission display device 1s formed of an n-type
polycrystalline semiconductor film or an n-type poly-
crystalline diamond film formed on the polycrystalline
or monocrystalline thin semiconductor film.

7. A method according to claim 6, wherein a shield metal
film for providing a ground potential 1s formed, via an
insulating film, on active elements including the thin-film
insulated-gate field eflect transistor and diode.

8. A method of producing a semiconductor device includ-
ing a polycrystalline or monocrystalline thin semiconductor
film disposed on a substrate, the method comprising:

a first step of forming a low-crystal-quality thin semicon-
ductor film on the substrate;
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a second step of performing lamp annealing on the
low-crystal-quality thin semiconductor film so as to
melt the low-crystal-quality thin semiconductor film or
heat the low-crystal-quality thin semiconductor film
while maintaining the low-crystal-quality thin semi- 5
conductor film 1n a non-melted state and then cool the
low-crystal-quality thin semiconductor film thereby
enhancing crystallization of the low-crystal-quality thin
semiconductor film; and

a third step of forming a stepped recess with a predeter- 10
mined shape and size in a particular area of the sub-
strate where a device 1s to be formed,

wherein the first step includes forming a low-crystal-
quality thin semiconductor film, which may or may not
include one or more kinds of catalytic elements, on the 15
substrate having the stepped recess, and the second step
includes performing a focused-light annealing process
such that graphoepitaxy growth occurs from lower
edges of the stepped recess acting as growth seeds
thereby converting the low-crystal-quality thin semi- 20
conductor {ilm into the monocrystalline thin semicon-
ductor film.

9. A method of producing a semiconductor device 1nclud-
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ductor integrated circuit, a silicon carbide
semiconductor device, a silicon carbide semiconductor
integrated device, a polycrystalline diamond semicon-
ductor device, a polycrystalline diamond semiconduc-
tor integrated circuit, a liquid crystal display, an organic
or morganic electroluminescence (EL) display, a field
emission display (FED), a light emitting polymer dis-
play, a light emitting diode display, a CCD area/liner
sensor, a CMOS sensor, or a solar cell 1s produced;

wherein when a device such as a semiconductor device,

an electro-optical display, or a solid-state 1maging
device, which includes an internal circuit and a periph-
eral circuit, 1s produced, a channel region, a source
region, and a drain region of a thin-film insulated-gate
field eflect transistor of at least one of the internal
circuit and the peripheral circuit are formed using the
polycrystalline or monocrystalline thin semiconductor

film; and

wherein a cathode or an anode 1s disposed 1n a layer under

an organic or morganic electroluminescence layer of
each color, wherein the cathode or the anode 1s con-
nected to the drain or the source of the thin-film
insulated-gate field eflect transistor.

ing a polycrystalline or monocrystalline thin semiconductor
film disposed on a substrate, the method comprising:
a first step of forming a low-crystal-quality thin semicon-

d

ductor film on the substrate;

second step of performing lamp annealing on the
low-crystal-quality thin semiconductor film so as to
melt the low-crystal-quality thin semiconductor film or
heat the low-crystal-quality thin semiconductor film
while maintaining the low-crystal-quality thin semi-
conductor film 1n a non-melted state and then cool the
low-crystal-quality thin semiconductor film thereby
enhancing crystallization of the low-crystal-quality thin
semiconductor film; and

a third step of forming a layer of a material such as

sapphire well lattice-matched with the monocrystalline
semiconductor 1n an area of the substrate where a
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11. A method according to claim 10, wherein active
clements including the thin-film insulated-gate field effect
transistor and a diode are covered with the cathode, or the

surfaces of

the organic or inorganic electroluminescence

layers of respective colors and all areas between the organic

OT 1n0rganic

clectroluminescence layers are covered with the

cathode or the anode.

12. Amethod according to claim 10, wherein a black mask
layer 1s formed 1n areas between the organic or 1norganic
clectroluminescence layers of respective colors.

13. A m

cthod of producing a semiconductor device

including a polycrystalline or monocrystalline thin semicon-
ductor film disposed on a substrate, the method comprising:
a first step of forming a low-crystal-quality thin semicon-

ductor
a second

film on the substrate; and
step of performing lamp annealing on the

device 1s to be formed, wherein the first step includes 40
forming a low-crystal-quality thin semiconductor film,
which may or may not include one or more kinds of
catalytic elements, on the crystal layer, and the second
step 1ncludes performing a focused-light annealing
process such that heteroepitaxy growth occurs on the 45
layer acting as a growth seed thereby converting the
low-crystal-quality thin semiconductor film into the
monocrystalline thin semiconductor film.

10. A method of producing a semiconductor device
including a polycrystalline or monocrystalline thin semicon- 50
ductor film disposed on a substrate, the method comprising:

a first step of forming a low-crystal-quality thin semicon-

ductor film on the substrate; and

a second step of performing lamp annealing on the

low-crystal-quality thin semiconductor film so as to 55
melt the low-crystal-quality thin semiconductor film or
heat the low-crystal-quality thin semiconductor film
while maintaining the low-crystal-quality thin semi-
conductor film 1n a non-melted state and then cool the
low-crystal-quality thin semiconductor film thereby 60
enhancing crystallization of the low-crystal-quality thin

semiconductor film;

wherein the thin film for use 1n a silicon semiconductor
device, a silicon semiconductor integrated circuit, a
silicon-germanium semiconductor device, a silicon- 65
germanium semiconductor integrated circuit, a com-
pound semiconductor device, a compound semicon-

low-crystal-quality thin semiconductor film so as to
melt the low-crystal-quality thin semiconductor film or
heat the low-crystal-quality thin semiconductor film
while maintaining the low-crystal-quality thin semi-
conductor film 1n a non-melted state and then cool the
low-crystal-quality thin semiconductor film thereby
enhancing crystallization of the low-crystal-quality thin
semiconductor film;

wherein the thin film for use 1n a silicon semiconductor

device, a silicon semiconductor integrated circuit, a
silicon-germanium semiconductor device, a silicon-
germanium semiconductor integrated circuit, a com-
pound semiconductor device, a compound semicon-
ductor integrated circuit, a silicon carbide
semiconductor device, a silicon carbide semiconductor
integrated device, a polycrystalline diamond semicon-
ductor device, a polycrystalline diamond semiconduc-
tor integrated circuit, a liquid crystal display, an organic
or morganic electroluminescence (EL) display, a field
emission display (FED), a light emitting polymer dis-
play, a light emitting diode display, a CCD area/liner
sensor, a CMOS sensor, or a solar cell 1s produced;

wherein when a device such as a semiconductor device,

an e¢lectro-optical display, or a solid-state 1maging
device, which includes an internal circuit and a periph-
eral circuit, 1s produced, a channel region, a source
region, and a drain region of a thin-film 1nsulated-gate
field effect transistor of at least one of the internal
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circuit and the peripheral circuit are formed using the
polycrystalline or monocrystalline thin semiconductor

film; and

wherein an emitter of a field emission display device 1s

connected to a drain of the thin-film insulated-gate field 5

cllect transistor via the polycrystalline or monocrystal-
line thin semiconductor film, and wherein the emitter of
the field emission display device 1s formed of an n-type
polycrystalline semiconductor film or an n-type poly-
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crystalline diamond film formed on the polycrystalline
or monocrystalline thin semiconductor film.

14. A method according to claim 13, wherein a shield
metal film for providing a ground potential 1s formed, via an
insulating film, on active elements including the thin-film
insulated-gate field eflect transistor and diode.
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